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per cent. — Ans, 
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PREFACE 



THE Publishers and Author have pleasure in bringing before marine 
engineers this up-to-date work dealing with the Elementary 
Questions and their Answers as required by the Board of Trade. They 
do this in the hope that its features of novelty may serve to render 
candidates for examination more certain of success in this section 
of their work, and special attention is drawn to the ''additional" or 
" alternative " questions written by the Author in an endeavour to show 
how the older setting may be presented in new form, that in many 
cases calls for no further explanation or answering, and he has thought 
such changing would prove acceptable in view of the Reguldticn 
coming into force in January, 191 7, which states "candidates may receive 
questions of a similar nature to those embodied in the original 310." 
It is not intended that these alternative questions be looked upon as 
ones that will certainly be given, but are only to show what can be 
done in the process of turning about 

Other valuable features of this work are the number of plates of 
various engine parts, etc., drawn without a confusion of fine details in 
order to leave the fundamental principles clear, also an extensive 
alphabetical index, contents, etc., which it is hoped will prove of use to 
those studying from this book. 

The Author has refrained from giving elaborate notes upon all the 
various questions, as his experience has shown that readers prefer to 
see exactly what shape and approximate size their answer to an 
individual question should take, and he trusts those using this work 
will profit by its being written in a manner closely following that so 
successfully adopted in his Academy. 

The Author and Publishers acknowledge with grateful thanks the 
loan of blocks, etc., from the following firms, and without which much 
valuable information could not have been given: — Messrs Weirs, of 
Cathcart, Glasgow; Parsons Motor Company, Southampton; Brazil, 
Straker & Co., Bristol; Holmes & Co., Newcastle-on-Tyne ; Hall & 
Co., Dartford, Kent ; Beldam Packing & Rubber Company, London ; 
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Murray, McVinnie & Co., Glasgow; Railton, Campbell & Crawford^ 
Liverpool ; Aspinall's Governor Company, Liverpool ; Kerr's Governor 
Company, Belfast; Davy Bros., Sheffield; Auld & Sons, Glasgow; 
Crosby Gage & Valve Company, London ; Institute of Naval 
Architects, London ; Parsons Marine Steam Turbine Company,. 
Wallsend; Cockbum & Co., Glasgow; Drysdale C!c Co., Glasgow; 
Edward's Air Pump Syndicate, London; Smith's Dock Company^ 
North Shields ; Howden & Co., Glasgow ; Babcock & Wilcox, 
London ; Trewent & Proctor, London ; Alley & McLellan, Glasgow. 
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NOTICE TO ALL CANDIDATES FOR 

EXAMINATION 



IN the pages following are given the 310 elementary questions an4 
the necessary answers to the same. Care has been taken to make 
the latter as complete as is requiredL and all candidates are warned not, 
under any circumstances, to answer these questions curtly or by a mere 
yes or no. Let their answers be s^ full and complete as they can make 
them, without using a lot of words needlessly, and be sur^ to ccmfine 
themselves to the question asked, and not to wander off from one thing 
to another. Remember that after January, 19 17, the questions one has 
to answer at the examination will not always be taken from ; these 3io» 
but may be others of a similar type, and in order to let readers of 
this book see something of what they may expect, we have added 
** alternative settings '* to many of the questions. These are only put 
in as examples and must under no circumstance be taken as« exactly 
what a candidate will receive, but he may rest assured that if he does 
not get the old setting, the new one will be oiSf and on upon the lines 
we have shown. The answers to these are necessarily short and only 
inserted to show the lines on which to answer at greater length, as 
usually that given to the original questions does just as well. 

Where it has been thought necessary, blocks of various makers' 
specialities have been inserted, and concise descriptions of these same 
have been added by the author, but candidates will carefully remember 
such additional information is not necessarily to be incorporated with 
the actual answer as has been set forth. The explanations are given 
in order to render the candidate's mind clearer and so that he may 
be in a position to make the required answer in as lucid and complete 
a manner as possible. Remember at the examination one really only 
gets a matter of 4 or 5 hours in which to answer the 10 questions, as 
the remainder of the 6 hours (maximum time allowed) is taken up by 
writing an account of' where shop experience was gained, the kinds of 
boilers and engines one has been with, and, lastly, an account of the 
defects coming under the candidate's notice, both with engines and 
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via NOTICE TO ALL CANDIDATES FOR EXAMINATION 

boilers. He must therefore carefully think over what he intends 
putting down as his answer, and how he can do this in the clearest 
manner and without dragging things to undue lengths. At this point 
we impress upon every candidate the absolute necessity of his 
mastering the whole subject, of which the given "old" elementary 
question may be a part, so that he may be as able as possible to 
answer its alternative settings. This means a good deal more work,, 
we know, but as the new regulation of the Board of Trade is evidently 
intended to test more completely the thoroughness of a man's know- 
ledge, it is obvious he must possess this greater acquaintance with the 
matter he is expected to write upon, othervrise his chances of passing 
are remote. 

Wherever possible — and the candidate knows he can manage to do 
so properly-^let him use sketches to illustrate his writing and help in 
making the meaning of this still clearer. They need not be elaborate 
sketches, as often a few lines, correctly drawn, convey more than an 
hour's work on a " pretty " drawing. 

Do not fall itito the error of thinking that the more one writes the 
more one is likely to be asked, as the author's years of experience have 
invariably shown it to be exactly the other way about, and a moment's 
thought will show that naturally the less there is written about anything 
the more the examiner at the "verbals" is bound to ask a candidate in 
order to see if he knows really the ins and outs of the subject that 
he has scantily written upon. 
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ELEMENTARY QUESTIONS 

1. What parts of an engine are generally made of wrought iron ? ... 

2. What parts of an engine are generally made of cast iron? 

3. For what parts of an engine is steel sometimes used ? 

4. What parts of an engine are generally made of brass or gun metal ? 

5. Where is " white metal " sometimes used ? On account of what property 

possessed by it is it adopted ? What objection is there to its more 
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€. For what parts is Muntz metal sometimes used ? Is it malleable ? For 
what properties is it valued ? ... 

7. What difference is there in the composition of cast iron, of wrought iron, 
anQ 01 s leei ( ... ••. ... ... .r. ... 

•8. How can cast iron, wrought iron, and steel be distinguished from each 

wLX^WX k 9«* ••• *•• ••• ••• ••• ••• 

■9. What are the different properties of cast iron, of wrought iron, and of steel ? 

10. What is meant by the terms, "breaking stress," "proof stress," "safe 

working stress " ? ... ... ... ... 

11. What is the cohesive strength, or breaking stress, of good ordinaiy 

wrought iron? ... 

12. Tempering steel ; how is it done, and in what order do the colours come ? 
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14. Which of the common metals or alloys can be forged, and which of them 

are brittle or " short " ? 
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inr eicicci r ••• ••• ... ... ... ... ... 

j6. The expansion of metals by heat ; give examples of this in the engine and 
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17. In the construction of steel cylindrical marine boilers, for what parts have 

the plates to be worked hot ? What precautionary treatment of these 
plates is afterwards necessary ? 

18. In what . parts of cylindrical marine boilers is the strongest riveting 

; . employed ? In which of the shell seams is it most necessary ? 

ix 
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Elementary Questions and Answers. 



1. What parts of an engine ave generally made of wrought 

iron? 

Ans^ — All such parts as piston rod with crosshead and connecting 
rods, crank, thrust, tunnel and tail end shafts, eccentric rods, straps, 
reversing link, drag links, weigh bar shaft, valve spindleg, coupling 
bolts, crosshead and bottom end bolts, also the main bearing bolts, air 
pump levers and the pump crosshead, spears for ie^d and bilge pump 
rams, air pump rod, pump and crosshead links (excluding their brasses), 
and propeller nut can be made of wrought iron, but many of these are 
now made of mild steel. 

2. What parts of an engine are generally made of cast iron? 

Arts, — The cylinders and cylinder liners, slide valves and valve 
chests (steam chests), bedplate, columns, condenser, thrust block 
seating, plummer blocks, pump chambers and covers, stop and throttle 
valve chests, injection and discharge valve chests and the main donkey 
suction valve box, air vessel, hot well, piston and slide valve packing 
rings, thrust shoes, propeller, crosshead shoes, and in short any parts 
subject to compression, as cast iron is very strong when subject to 
compressive stress. 

8. For -what parts of an engine is steel sometimes used? 

Ans.' — Mild steel forged is used for pistqn rods, crossheads, connect- 
ing rods, eccentric rods, valve spindles, crank, thrust and tunnel shafts, 
air pump levers and pump crosshead, and nowadays most parts which 
formerly were of wrought iron are of steel Cast steel is used for 
eccentric straps, reversing arms, eccentric rod forked ends (excluding 
their brasses), stop valve chests. 

Hard steel, or steel capable of taking a temper is used for safety 
and escape valve springs, coach springs for piston-packing rings. 

B I 
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4. What parts of an engine are generally made of brass or 
gun-metal ? 

Ans. — Brass or gun-metal is used for air pump link brasses, air 
pump bucket, "Kinghorn" valves fqr air pump, stern tube bush, 
propellers, sometimes main bearings, top end brass of connecting rod, 
slide valve spindle tumbling block, liners on the tail end shaft. The 
various steam and water cocks upon the boilers and all such valves and 
cocks as escape valve, drain cocks, throttle valve, stop valve, are made 
of brass or gun-metal, including their seats, nsck bushes for. glands 
and stuffing boxes. 



5. Where is white metal sometimes used? On account of 
what property possessed by it is it adopted ? What 
objection is there to its more general use ? 

Ans, — Main and tunnel bearings now are usually of cast iron with 
" white metal '' run into them to form the bearing surfaces. Guide 
shoes have strips of white metal fitted to them, as also eccentric straps 
and thrust shoes. Some stern tubes have white metal bushes fitted 
and then no liners are required on the tail end shaft. 

It is adopted because the friction between it and the cast or 
wrought iron or steel is very much less than with ordinary brass. This 
can be understood from the greasy feel white metal has to the touch. 

The objection to its use is that owing to the melting point being 
low (about 600** F.) if the bearing, etc., accidentally becomes very hot, 
this temperature is passed and the metal runs out. Another point is 
that if the metal be run into the bearing at too great a temperature it 
will most likely be " burnt " and may, at any future time, powder out 
like sand. When either of these accidents happen the shaft, etc., is 
almost certain to become grooved or scored. 



8. For what parts is muntz metal sometimes ujsed? Is it 
malleable ? For w^hat properties is it valued ? 

Ans, — Muntz metal is used principally for condenser tube plates, 
tubes, air and circulating pump rods. Feed and bilge rams, if not of 
bronze, are sometimes of muntz metal, and bolts or studs always under 
water are best made of this material. It is malleable and lends itself 
to being forged hot. Like brass, it is not liable to corrosion, and can be 
made to have a high tensile strength of at least 22 tons per square inch. 
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7. What' difference is there in the composition of cast iron, of 
wroufi^ht iron, and of steel? 

Ans. — All three come originally from iron ore being smelted, and 
k is in the after treatment of the crude metal that the particular 
material is produced. Thus cast iron is the crude pig iron from the 
blast furnace, remelted in the cupola furnace, together with clean scrap 
cast iron, and the molten metal run into moulds to form cylinders, etc. 
It contains from 2 to 5 per cent, of carbon, a very large amount of 
which is in a free state amongst the iron. 

Wrought iron is a mass of the crude metal worked on the 
puddling hearth to abstract practically all the carbon, leaving an 
almost pure iron having a carbon percentage of only about '015. \ 

Steel may be of two qualities, **mild" or "hard," atid in either case 
consists of the iron being sent through a process whereby its carbon is 
eliminated, and then a definite small percentage of this is added, the 
whole mixed together and run into ingot moulds, whence the plates, 
bars, etc., are rolled out. If the steel has a percentage of from "i to 
•3 of carbon, that is mild steel. Hard or temperirig steel contains from 
about 7 per cent, to i 6 per cent, of carbon, and in all classes of steel 
the most of the carbon is combined with the iron, not in the free state. 
What is called a high carbon steel contains about '4 per cent, of carbon, 

■ ' < ^ . ■• ■ ■ * . 

f . « 

7. ALTERNATIVE] SETTING. —What difference exists 

bet-ween zinc, brass, ai^d silxcer? 

Ans,- — Zinc arid silver are " elements," which means that no other 
metal is mixed with them, but brass is an alloy, h^mg composed of 
copper and zinc, and thus is a mixture of two elements. Alloys may 
consist of any number of metals from two up. 

8. How can cast iron, -wroUght^ iron, and stdel be dis- 

tinguished from each other? 

Ans, — By the nature of the fracture when a piece is broken (not 
cut). Cast iron shows a crystalline fracture, and ranges from a deep 
black grey to a light grey, and dirties the fingers on touching it. It 
is very brittle and breaks off sharp, ductility being absent ; very low 
tensile strength. Wrought iron shows on fracture a very fibrous forma- 
tion, is tough, has great ductility, but will not temper, has good tensile 
strength, and may be forged and welded, and does not dirty the 
fingers. Mild steel shows a light grey fracture, fibrous if it has been 
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mtuh rolled) but usually a fine crystalline appearance is shown. It is 
very ductile, tough, and of greater strength than wrought iron, but will 
not temper, though it may be , forged and welded. Hard steel shows a 
light silver grey and at times almost a pink fracture, is hard, has very 
little ductility, high tensile strength, and will take a temper^ and will 
forge to a slight extent, but should not be welded. Neither mild nor 
hard steel dirty the fingers. 



a ALTERNATIVE SETTING.— State how an alloy can be 
, distiniruished from an elemental substance. 

Ans, — To ascertain whether a substance is an alloy or not it must 
be " analysed *' by means of certain physical and chemical treatment 
and "reactions," by which can be proved the presence or otherwise of 
certain metals. An alloy containing copper turns green when ammonia 
is brought into contact with it. Colour of fracture is also a guide, but 
not a sure one. 



9. What are the different properties of oast iron, of wrought 
iron» and of steel ? 

Arts, — Cast iron is very fluid at high temperatures, and runs well 
into moulds, making "castings." It will not forge or temper. Is 
strongest in compression, but very weak in tension. The lighter the 
grey of the iron the harder and better the quality, as less carbon is 
in a " free " state, the greater portion being combined with the iron. 

Wrought iron will not run into moulds, but it forges very readily 
and can be welded. Stronger in tension than in compression. 

Steel can be cast, welded, and forged, or tempered according to 
the amount of carbon it contains. Is stronger, size for size, than 
>vrought iron. Steel also takes a better finish than wrought or cast iron. 



9. ALTERNATIVE SETTING.~If great streng^th is needed in 
pillars, struts, beams, and plates, state the materials 
you -would use in each. 

Ans, — Pillars and struts being in compression could be of cast iron, 
provided they are not exposed to lateral blows, as if so they must be of 
wrought iron or mild steeL Beams and plates must be of these latter 
materials as parts of them are exposed to tension. 
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10. What is meant by the terms ''breaking stress," ''^^proof 
stress," *' safe working stress " ? 

Ans, — Breaking stress means the load, force, or weight, usually iii 
tons per square inch section of the material, which will produce fracture 
either by tehsioii or compression, or by both, as a beam being bent. 
(See figure i.) 

Proof stress is the force, etc., per unit of section which can be 
applied to a material an absolutely unlimited number of times without 
any permanent deformation occurring. In amount it varies between 
^ to ^ of the breaking stress for the same material and section. 



i 



•3 



'\ 








Fig. I. 

Safe working stress is the load, etc.^ per unit of section which it is 
considered ** safe " to repeatedly apply, and in amount is usually taken 
at ^ of the breaking stress of same material and section. The Board 
of Trade quote "factors of safety" ranging from 4*5 to 6, i>., 
breaking stress lbs. per square inch 



4*5 to 6 



safe working stress. 



11. What is the cohesive strength or breaking strass of good 
ordinary -wrought iron ? 

Ans — In amount, really good wrought iron gives from about 24 tons 
to 27 tons per square inch of section. Average say, of 26 tons, but 
many samples of ordinary commercial wrought iron only give about 
20 to 22 tons. 



12. Tempering steel, how is it done, and in -what order do the 
colours come? 

Ans, — To temper say a chisel, heat the whole to a good red heat, 
not white hot, plunge the cutting end into cold water, or salt and water, 
and cool out about i inch length. Rub this part with an old file, to 
brighten and watch the colours appear, first very light straw, then 
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deeper straw, light greyish blue, and on to a very deep blue, which 
latter gives the softest temper. When the desired colour is reached, 
cool the whole tool right out in the cold water. As the act of plunging 
the end into cold water rendered that portion ** glass " hard, the process 
of tempering, or allowing heat to travel down to this part, results in a 
definite softening to a slight extent of the brittle part. 

Noie,^ — The colours ar^ caused by a film of oxidation forming by 
reason of the heat travelling down and the thicker the film the deeper 
the colour. 



13. Wliat is casa hardening? 

Ans. — It is the converting of the surface or skin of wrought iron into 
steel, by placing the article in a box and filling same with bones, 
scraps of leather, horn, etc., or anything which is rich in carbon. The 
whole is then placed in a furnace and raised to a good heat, being 
kept at that for some hours and then slung out and cooled in water. 
The carbon enters into the skin of the iron and converts that portion 
into steel. Another method is to use yellow prussiate of potash as 
follows :-— Heat the articles to a good heat (blood red) and cover the 
surface with the )ellow prussiate, following directly by cooling out 
m water. 



14. Which of the common metals or alloys can be forged, 
and which of them are brittle or *' short" ? 

Ans, — Wrought iron, mild steel, tool steel, and muntz metal, can 
all be forged, but cast iron and brass are brittle and ** short " and 
cannot be forged, though rolled brass if heated and then cooled in 
water will become more ductile and stand a certain amount of 
working, but becomes hard again under such actions. 



15. What is meant by "welding"? Which of the common 
metals can be welded? 

jlns, — By welding is meant the joining together of two pieces of 
wrought iron or mild steel by heating the ends to a white heat using 
sand for a "flux," bringing them together on the anvil, then hammer- 
ing the ends into one mass, with either hand, sledge, steam or 
pneumatic hammer, depending upon the size of the parts. 
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16. .The expansion of metals by heat; give examples of this 
in the engine and in the boiler ? 

Ans, — All metals used for engines and boilers expand when heated, 
and common examples are the steam pipes lengthening when hot and 
to allow for this, large bends must be worked into them or the more 
common expansion joint fitted, either of the stuffing box form or the 
corrugated type. Cylinders expanding under heat of the steam. The 
top of the boiler expa,nding more than the bottom and pulling upon 
this latter. * furnaces expanding and fire bars also, which make it 
necessary to have an incline at front end (or dead plate) of their 
support for them to rise upon without displacing the back bridge. 
Corrugated and ribbed furnaces allow for the expansion very much 
better than plain ones 



16. ALTERNATIVE SETTING.— Does every substance ex- 
pand on heating? Give an everyday example. 

Ans, — Water at a low temperature contracts by heating. For 
example, when at 39'i'* F. it is in its smallest volume, and on cooling 
down to 3a° F. it expands. Therefore if it be already at, say, 32° and 
we heat it to 39** it gets smaller. 



17. In the construction of steel cylindrical marine boilers, 
for -what parts have the plates to be -worked hot? 
What precautionary treatment of these plates is 
afterwards necessary? 

^ Ans. — Any plates requiring flanging like the end plates and the com- 
bustion chamber plates must be worked hot both for the actual flang- 
ing and for the subsequent welding up where the V shaped pieces were 
cut out As this subsequent heating leaves a zone of the plate with 
very little strength (just where the heat passes off" to the unheated part) 
the whole plate must be "annealed," to do which it is inserted in a 
special furnace and raised to a good red heat, kept at that for some 
hours, dependent on its thickness and then slung out and allowed to 
cool down gradually. The strength of the whole of it is then the same 
as before local heating. No operation about annealing should b'* 
hurried. 
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17. ALTERNATIVE SETTING.—If boiler plates are not 
flanged by cuttingr and weldin£: how Is the flanging: 
cetrriedout? 

Ans, — By hydraulic presses, using male and female dies which force 
the edge of plate to bend over and so form the flange. 



17. ALTERNATIVE SETTING.~If iron be used in place of 
steel for boiler plates what special treatment is 
necessary after they are worked hot ? 

Ans. — None, because iron is not affected by having some parts of 
it heated while the adjacent portions are cool. 



18. In w^hat parts of cylindrical marine boilers is the strongest 
riveting employed? In which of the shell seams is it 
most necessary ? 

Ans, — The longitudinal seams of the main shell plating are the 
strongest, being treble riveted because the stress coming upon them is 
twice that upon the circumferential seams. These latter are only 
double riveted, as jaxe the seams of combustion chambers. 



la ALTERNATIVE SETTING.— Why should longitudinal 
seams in a boiler require greater strength than 
circumferential ones ? 

\ " • . • . . ' 

Ans, — Because, owing to the shape of the boiler, the stress per 
square inch upon the shell rings is double that which comes upon^ 
the ends. 



10. What is ''caulking" and hew are seams prepared for, 
caulking? 

Ans,-^CaM\king means closing- the edges of plates which have been 
riveted together, in order to make them water and steam tight. .The 
edges of the plates must be planed, or milled true before the riveting 
and afterwards the caulking tool whijch is a qhisel having an edge about ^ 
inch thick is. used with a 3 or 4-lb. hammer to force the edge of one plate 
h'gktly down into contact with the plate it is against, thus ensuring no 
leakage.. Sometimes pneumatic (the often called "windy"), caulking, 
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chisels are used and these strike blows with much greater rapidity than 
can be done by hand. 




Fig. 3. 



Note, — In the illustration the grooving effect on the plate is much 
magnified in order to show what the tool does. In practice there must 
be little or none of this grooving. 



20. Describe the different ways of fastening the ends of the 
main stays of a boiler. What are the merits of, or 
objections to, the different plans? 

An$, — The best and most modem method is to swell the ends of 
the stay a little larger in diameter than the body portion, and cut screw 
threads on these ends. Pass the stays through clearance holes in the 
back and front end plates and secure by large nuts and washers inside 
and out (see fig. 4 a). The larger washers must be upon the outside 
of the end plates. In older boilers the stays were fixed either by 
having a T head formed at each end and secured by angle irons riveted 
to the plates (see fig. 4 6) or by forming a large single eye at each end 
of the stay and into both plates of the boiler securing strong double 
eyes and the connection between these and the stay was made by a pin 
whose shearing strength equalled, at least, the tensile strength, of stay. 
This pin had a smaller split pin fitted through its end to prevent shaking 
out (see fig. 4 c). The merits and demerits may be expressed as 
follows : — Form ** a," is simple, fairly cheap to make and if of such a 
diameter as not to require spacing too near one another makes a good 
all round job, but does not allow very much room for a man to move 
about whilst inspecting the boiler. Form "6" is more costly to 
produce, and cannot be readily taken down if required. '^ It allows 
though of being spaced further ap^rt, as the angle iron supports the end 
plates and so more room is obtained for inspection purposes. Another 
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disadvantage of this type is that it cannot he made of sleet owing to the 
beads having to be welded on. Form "e" is perhaps the best all round 
type if we do not mind some extra expense and also provided the cross 



pin is of ample strength, otherwise it may bend or possibly shear right 
through, rendering the whole stay useless. It allows the stays to be 
readily removed to facilitate inspection. Taking everything into account 
though, the first type is the best and most common at the present day. 



21. Wliat BtresB per sgtiare Inch Is allowed on boiler 
stay J? 

Alts. — New solid wrought iron stays are allowed 7000 lbs. per 
square inch, but if welded 5000 lbs. New mild steel solid stays are 
allowed qooo lbs. No welded steel stay is allowed. 



18 



BROWN'S ELE^IENTARY QUESTIONS AND ANSWERS 



22. describe a riveted stay and state where such stays are 
commonly used. 

^jfj^-.-T-The true riveted stay has almost disappeared now, but it 
consisted of a plain length of stay bar cut a little longer than the out- 
side distance of th^ plates it supported, was passed through holes 
drilled in both, and also a distance piece of tube between the plates 
(see fig. 5 a), the ends being well riveted over on, to each plate, the 
distance piece preventing these crushing inwards. The better and 
more modern method is to drill the two holes and screw both with one 




Fig. 5. 

long tap, to ensure threads running on fair, one with the other. The 
stay is threaded its whole length and screwed through both holes, 
being held by nuts, and perhaps washers, at each end (see fig. 5 6). 

Noie^ — Fig. 5 shows an alternative style of screwed stay where the 
threads have been turned off to obtain a smooth surface and so lessen 
the deterioration of the stay. The riveted head may often be found 
with style 6 as well, at such places as the back of the combustion 
chamber just about where the flame impinges. 

23. Where are thin places to be looked for in a boiler as it 
-wears, and how is the thinness to be detected? 

Ans, — The places mostly affected are shell-plate at water level, 
backs and bottoms of combustion chambers, furnace tubes on water side 
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just above the line of fire Jbars, ashpits, top front pilate of boiler if this 
forms the back of uptake, outside the boiler at the bottom on level of 
stokehold plates, and inside the boUer stool or cradle. Thinness can 
be detected either by eye, sounding by a medium weight hammer or 
best of all by drilling small holes through the suspected spots and 
afterwards plugging these up with fine threaded plugs. 

23. ALTBRNATIVE SETTING.— In surveying: a boiler where 

would you look for defects due to action of ashes/ 
abrasion by wash of the water, fuid excessive rusting? 

f r 

Ans.-r—f^This can be answered as well by what is already given.) 

24. How are boiler tubes fixed ? What are " stay tubes," and 

how are they secured? 

Ahs, — Ordinary or plain tubes are inserted through well-fitting, 
holes in both tube plates until the combustion chamber end projects 
about Y®^ inch, the front or smoke box end being then about J inch 
through front tube plate. Both ends are then expanded and often the 
combustion chamber end is beaded over as well. The extra projection at 
the front allows the tube to be successively driven further through and 
the inner end rebeaded, etc., as the **back ends*' wear away. Often 
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the front end of tube is swelled out about \ inch more in diameter 
than the combustion chamber end, as this facilitates passing the tubes 
through the plates. Stay tubes are riiade thicker than plain tubes 
owing to their kcting as ** stays " between the front and back tube plates. 
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and so having to withstand a greater stress. They are fine threaded 
each end and may be secured either by being screwed into the back 
tube plate and one nut fitted on the fire side of the plate, together 
with a nut inside and outside of the front tube plate, whose hole is 
now a clearance one, or by screwing both holes fine threaded with 
a specially long tap to go through both at once, screwing the tube 
into these (wo holes and fitting one nut on the outside at each end. 
With both styles the uptake end of tubes is slightly larger in diameter 
than the combustion chamber end to facilitate its passage through front 
tube plate. 

Note. — The upper part of fig. 6 shows a style that is occasionally 
seen, but does not give such good results as the lower and more 
comraoa method. 

25. Where is it generally that boiler tubes leak ? Ho^^ is this 
defect repaired ? What are the causes of this leaking ? 

Ans. — Tubes leak mostly at the combustion chamber or "back 
ends." To remedy this, re-expand them, but if this does not effect a 
cure, drive the tube further through from the smoke box, cut off the bad 
end, and re-expand and bead over. If the tubes are old, it will be 
best to put in new ones when possible. The causes are scale 
accumulating round the necks on the water side, resulting in the tube 
ends and the immediate parts of the back tube plate getting over 
heated and then on the cooler air being admitted, through opening 
furnace doors, etc., a sudden contraction occurs which very soon breaks 
down the tightness of the original expanding, because the tube being 
thinner contracts away from the plate. Sometimes back ends will leak 
due to heavy vibrations set up when blowing boiler down. 

25. ALTERNATIVE SETTINGS.-(l) If cold air is admitted 

to the furnaces leaks develop at the back ends. Why 
is this ? (2) Heavy scale deposits on tubes and plates is 
apt to cause vrhBX trouble in a short time ? 

Ans, — (These can be answered from what is already given.) 

26. What are the causes of cracked tube plates ? . Where are 

the cracks situated? Ho^w are they repaired? 

Ans, — The causes are practically the same as ipx leaky back ends, 
viz. : — Scale accumulation causing: overheating: and subseauent admission 
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of cooler air, either by opening smoke box doors or the furnaces, 
whence the contraction craqks the plate (as well as causing tube ends 
to leak). Sometimes the cracks can be traced to improper annealing 
of the plate, if of mild steel. The cracks usually come between thie ' 
holes for tubes and may be repaired by fitting what is called a 
"spectacle" patch. A piece of plate is cut to embrace the end$ of 
two tubes between which the crack lies, then flastening this patch down 
with tap bolts (see fig. 7 a). 




Fig. 7. 



Another method is to take out the adjacent tubes, drill a hole about 
|-inch diameter cutting just into the tube hole at eath end, tap with 
fine thread and screw in a plug. Next drill another hole cutting into 
the plug a little and also removing some more of the cracked part, 
screw in another plug and proceed like this until the whole crack has 
been " lock plugged." If the first plugs are a trifle loose, a few blows 
from a hammer will rivet down their ends and make tight. File the 
outermost plugs to the curvature of the tube holes, insert tubes 
and re-expand. 
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27. What is the difference between a ''dry uptake" and u 
"wet uptake?" Which requires more repair? Why? 
Where have you seen a wet uptake ? 

Ans, — A dry uptake is the usual form of smoke box and uptake 
met with on marine boilers, consisting of a light steel casing of thin 
plates and angle irons built up from the front of boiler, covering the 
tube ends anii leading the waste gases up to the funnel. It is fitted 
with smoke box doors and baffles and is wholly outside the boiler. The 
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Fig. 8. 



wet uptake, while sometimes met with in very old cylindrical boilers,. is 
that usually found with common vertical donkey boilers and is aitube 
leading from the combustion chamber up through w^ter and, steam, space 
of boiler, to the funnel. It is entirely inside tbet>oiler and exposed to 
the full pressure, also, just about the water level very heavy rusting and 
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corrosion occurs, entailing much expense for repairs, besides the 
greater initial cost of construction. Wet uptakes are met with in hay- 
stack boilers, and the figure shows the two styles as appearing on 
cylindrical boilers. 



28. What is a superheater? What is its construction? 
What valves are upon it ? There is sometimes a gsMge 
glBsa on it, -what is that for ? Arei superheaters noiv in 
general use? 

Ans, — A superheater is an arrangement for drying out of the steam 
the watery particles it contains as it comes direct from the boiler. One 
form consists of a series of wavy tubes arranged vertically in the 
uptake just above the level of the topmost row of smoke tubes. The 
top and bottom of the superheater consists of cast steel " headers " 
into which the wavy drying tubes ar« secured. Steam from the boiler 
enters at the top where the gases of combustion are the coolest, passes 
downwards and so meets hotter gases, finally issuing at the bottom 
header and away to the engines. The temperature of the steam can 
be brought up to 460** to 480°, and as its pressure is not raised by 
superheating, if it be, say, 160 lbs., temperature 371* F., there are 
480" - 371** = 109** of superheat. 

Stop valves should be fitted to both entrance and exit, and the 
former should have a bye-pass valve with it, so that the superheater may 
be shut off when necessary and the steam sent round by the bye-pass 
pipe. A safety valve must be fitted, and a gauge glass also to show 
if water is accumulating. If this happens no superheating results, 
only evaporation of the water. At the present day (19 16) superheaters 
are again coming more to the front, but are still very far from being in 
universal Use owing to their expense for repairs due to corrosion, 
difficulty of examination and liability to scoring valves and faces by the 
very hot and dry steam. 

2a ALTERNATIVE SETTINGS. - (if How do we obtain 
dry steain? What is the principle upon which the 
appliance acts? What care does it require? What 
^ grain re9ults from its usage ? 

A/is. — The care needed is chiefly to see that the fires are not set 
away 'ualews^ there be water in the appliance, otherwise the tubes 
becomjB burnt before .the steam has circulated through them. Thi^ 
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water forms steam of its own. The chief gain is the drier steam, 
causing less water of condensation In the cylinders, and so leading to 
increased economy. (The other answers can be as well obtained from 
what is already given.) 

Note, — The illustration fig. 9 shows a "Robinson "superheater fitted 
to a m^xine boiler, and a brief description of this appliance is as 
follows : — It consists of a number of solid drawn mild steel tubes made 
from the best Swedish steel, and which pass inside the smoke tubes. 
Their ends in these tubes are formed into a thickened spear shaped 
head, whilst their outer ends are expanded into " headers " bolted to 
the boiler front. These headers are divided into several compartments, 
certain of which receive the saturated steam and pass it into the super- 
heating tubes from whence it returns in a dried condition to the other 
compartments that communicate with the main steam pipe to the 
engines. The compartments are closed at the front by doors jointed 
down and thus will permit of the expander being operated on tube ends, or 
the removal of any scale that may happen to be deposited in the header. 

This superheater is simple and substantial, and has not a great 
multiplicity of pieces, and altogether gives very good results. 

29. What parts of a marine multitubular boiler are first 
injured by shortness of T^ater? 

Ans, — If the water level gets too low the first parts affected are the 
combustion chamber tops and the small tubes. 

80. Where are angle irons, sometimes used in the construe* 

tion of a boiler, and Tvhere are flanged plates used ? 

Ans, — In the actual construction of the boiler no angle irons should 
be used, all joints being made by flanging the plates. If gusset stays 
are used anywhere, or main stays with T heads, angle irons are needed 
to secure these to the boiler plates, that is all. Si^ch plates as the back 
and front end ones, back tube plate, and back of combustion chamber 
are all flanged. 

81. Priming: toivhat causes is it attributed? What means 

are applied to prevent it? What evils may be pro- 
duced by it ? 

^«j.— Priming is' the steam carrying away with it a large amount of 
water caused by a very disturbed water level. This is mainly due to 
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too small an area of water level through carrying it too high in the 
glass, or too small a boiler for the work expected from it. Other 
causes for the disturbance are irregular firing, the small tubes being too 
close together, so interfering with the free passage of the steam through 
the water ; and the boiler water itself being dirty. 

To effect a cure, carry the level in the glass as low as safety 
permits, keep the firing reglilar and the water as clean as a feed filter 




Fig. la 



can supply, also heat the feed to promote better circulation, and even 
perhaps draw a vertical row or two of tubes in each box, plugging the 
holes to ensure tightness. 

In order to prevent priming water passing over in such large 
quantities an internal steam pipe is fitted, having its end closed and a 
large number of long very narrow slots made in its upper portion. As 
the steam passes into the pipe through these slots the wet is scrubbed 
out of it by their edges. 

The evils of priming are that the water getting into the cylinders 
may crack the piston, cylinder cover, jcmt bottom, or perhaps actually 
knock these out, therefore when priming see that all drains are open 
and escape valves able to lift. 
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31. ALTQRNATIVBI SETTING.— What accident may occur 

froxu eiccess water in the cylinders, and bow may 
such water get there ? 

Ans> — The covers on bottoms may get cracked or knocked out by 
excess water^ which comes over when the boilers are priming, through 
irregular firing, dirty water, etc. 

32. Funnel draught ; what makes it ? What checks it ? 

Ans, — Funner draught is caused by the difference ! between the 
weight of a column of, outside air of a height from furnace to top'of 
funnel and the weight of a column of the hot gases of same height, and 
area. The hot gases being light readily rise, and the cooler external 
air rushes in to take their place, so promoting draught. When it 
becomes checked it is either by means of closing in the ashpit doors or 
the funnel damper, or else the setting up of " downdraught '' in the 
funnel through eddy currents about its top. 

82. ALTERNATIVE SETTING.— What name is given to the 

result of having two equal columns of air, one heated 
and the other cool, about a boiler ? 

Ans. — Funnel draught or the ability of fresh air to come in contact 
with the fires is caused by the difference in weight of the two columns. 

83. Flame is sometimes seen at the top of the funnel ; what 

causes this appearance ? Is it beneficial or is it detri- 
mental ? Why so ? 

Ans, — If flame is seen at the top of the funnel it is due to in- 
complete combustion of the gases in the boiler caused by insufficiency 
of air. The gases being very hot, but not ignited, owing to the air 
shortage, pass away through smoke tubes and uptake to the funnel, and 
on reaching the top of this they meet with the air they require for their 
combustion, and hence they ignite. It is very detrimental, as the heat 
which is produced at the funnel top should have been given out in the 
boiler, besides which it destroys the funnel itself. To make up for the 
loss of efficiency more fuel has to be burnt on the bars. 

33. ALTERNATIVE SETTING*. —Where may flame about a 

boiler and its adjuncts be a waste? How does such 
manage to exist ? 

Ans, — (That already given dpes dM right.) 
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84. A blast pipe; -what is its construction? Where is it 
placed? For what is it used? 

Ans, — A blast pipe consists of a pipe coining from the steam space 
of the boiler and terminating in a steel tapering nozzle placed at the 
base of the funnel and pointing directly up this. On the steam issuing 
and rushing upwards it drives out the gases ahead of it and at a greater 
rate than they would issue of themselves. It thus acts as an " induced " 
draught, because the space which would be left behind these rapidly 
rising gases is at once filled with more air rushing into, furnace; it 
thus enables more fuel to be burnt properly upon the grate in a 
given time. 

36. How many bottom blow off cocks are ^^enerally fitted to 
each boiler, and why are they so fitted ? 

Ans. — Two cocks are fitted, one on the after end of the bottom of 
boiler and connected by a copper pipe to the other cock placed well 
down on the skin of ship. Two cocks are fitted so that if the pipe 
breaks, neither the sea will get into ship, nor yet the boiler water 
escape to the bilges. They are used to remove some of the densest 
water and the dirty deposit which accumulates at the bottom of boilers. 
When using these cocks be careful to open sea one first, and close 
boiler one first when you finish blow down, etc. 



36. Blow off cocks are sometimes fitted with a spanner 
^uard; for what purpose is this? Describe how the 
^piard is formed. 

jns. — As the blow down cocks must not be /e// open it is usual to 
fit a cap as a part of the gland, and at one place in the cap or guard a 







yptf cym. 







Fig. II. 
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slot is formed, and through this goes a tongue forged on the box 
spanner used to operate the cock. Care is taken when cutting the 
slot to see that as the tongue comes through it, the cock is fully closed. 

37. Water gauge test cocks; "where are they placed? At 
"What heights? Must the cooks themselves be at 
those heights ? What provision is made for cleaning 
these cocks should they ever become choked? When 
there are no test cocks how is the height of the water 
ascertained? 

Ans, — Test cocks should always be placed direct upon the boiler 
itself. There are usually three, the middle one being at the working 
water level, the top one about 7 inches above the centre one and the 
lower one about 3 inches above the level of combustion chamber top. 
The cocks themselves need not be at these heights, as internal pipes 
can be fitted, but are not reliable. They may choke up and even 
though their ends in the boiler are fitted, when new, at the heights above, 
yet unless great care be taken, they will sag down and so give false in- 
dications of level. To clean the cocks there is a small screwed plug 
inserted in the bib opposite the hole through plug of cock, and on 
removing this a wire can be inserted and any dirt removed. If no 
cocks are fitted the only. way of telling height of water level is to look 
at the gauge glass on boiler end. 

87. ALTERNATIVE SETTING.— What takes the place of the 

"wuter gauge ? V^hat faults have they ? What trouble 
may any internal pipes in connection "with them give 
rise to? State where and at what levels you would 
place these alternatives to a gauge glass ? * 

Ans, — (That already given does all right.) 

88. What is a deadweight safety valve? Of what are the 

rubbing surfaces formed? How is a lock-up valve 
arranged to admit of lifting it or of turning it round, 
and to prevent adding to the weight ? 

Ans. — It is a safety valve where the load is obtained from lead or 
cast iron weights placed directly upon the valve spindle add of an 
amount equal to the area of valve multiplied by the boiler pressure in 
lbs. per square inch, minus the weight of valve and spindle. The 
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rubbing surfaces are of brass or gun-metal. To allow for locking up, a 
cap is placed over the spindle where it projects up through the cover, 
and which cap rests entirely upon the cover. Through the cap is fitted 
a cotter being a fit therein, but being clear in a slot through spindle. 
A lock can be inserted in the end of this cotter to prevent its with- 
drawal. Handles and easing gear are fitted to turn and lift the cap, 




Fig. 12. 

and by means of the cotter these movements are given to the spindle, 
and as this is loosely connected to valve by a pin, the desired ease- 
ment, etc., is effected. As the cap is closed at the top no extra weight 
can be put on spindle. Clearances of \ valve diameter should be 
allowed between top of spindle and inside top of cap ; between top of 
weights and cover and between bottom of cotter and bottom of cotter 
slot in spindle, to allow valve to lift without moving the cap. 



38. ALTERNATIVE SETTING.— What takes the place of a 
spring: or a lever loaded safety valve? What faults 
has it? Can it be tampered -with? Can the valve be 
moved from the outside of the chest? 

Ans, — In addition to what is already given, the faults may be, 
serious loss of pressure when ship rolls or pitches, liability of valve to 
stick up, inability to readily adjust for, desired alteration in safe boifei 
pressure, and clumsiness generally of the design, if made for high 
pressures. ! -- . - 
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89. About what area of safety valve is npw required by the 
Board of Trade ? What is the effect of suddenly open- 
ing a safety valve -when steam is up? To about what 
extent do safety valves rise when blowing off, without 
being eased by hand? 

Ans, — ^^-^ gives the part of i square inch area of valve 

per square foQt of grate, thus if the steam be i6o lbs. gauge, we have 
f =s*2i4 square inch, and if there are 54 square feet of grate, 

54 X •214=5 11*556 square inches area of valve. On lifting a valve 
suddenly, priming is very likely to result because the s|eam in its rapid 
exit through the opening at valve and seat carries up with it a large 
amount of water, and so if we have to eaise the valves by hand do so 
gradually «^/ suddenly. Valves when blowing off naturally, merely lift 
clear of the seat and probably not more than about -^ inch or less, but at 
the instant of going up they may lift for much more, but come down 
again at once. 



89. ALTERNATIVE SETTINQ.-Give the rule by which 
sai'ety valve area is computed, and also say what lift 
you ezpeot when a valve is steadily blowing: off. If a 
safety valve sticks and allows pressure to accumulate 
and then suddenly rises fsj: beyond the normal, is there 
any danger? 

Ans, — (That alrea,dy given does all right.) 



40. Spring: loaaed safety valves; what advantages have 
they that are not possessed by deadweight valves ? 
What are the disadvantages, if any, as compared -with 
deadweight valves ? 

Ans, — Their advantages are as follows : — No reduction in load or 
liability of spindle to jamb when the vessel heels, elimination of the huge 
mass of the weights as in a deadweight valve, and consequent greater 
ease and ability for overhauling. Their disadvantages are practically nil, 
about the only one being a slightly increased compression and hence 
more load, as the valve blows off, but this is overcome in a well designed 
valve by forming a lip as shown in fig. 13 upon which the issuing steam 
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can act and so find a greater area and thus overcome the little extra 
load. Broken springs are seldom met with. 
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41. Of irhat pieces does a glass water gauge mounting 

consist? Ho\7 does it act? Where Is it placed? At 
what height? Is it liable to derangement? How is 
its \roTking tested? 
Ans. — The glass water gauge consists of a cast iron or cast brass 
column either solid in the centre or else formed as a tuba, i.e., hollow. 
At the top and bottom, flanges are cast to receive the steam and water 
pipes respectively leading to the top and bottom of boiler. Bosses cast 
on the column also towards the top and bottom are screwed and receive 
the steam and water heads consisting of asbestos packed cocks and 
special stuffing boxes with glands to lake the gauge glass, the water 
head also having a drain cock with it The glass being in free com- 
munication with the boiler water, this rises to the same level in both 
when glass has been just blown through, and thus is seen whereabouts 
the water is in the boiler. They should be placed close up to the 
boiler and in a position where the glass is readily seen. The height of 
the bottom or water head (cock) should be from 4 to 5 inches above the 
combustion chamber top and length of glass is about 18 inches. It is 
liable to become choked at the plugs, especially the water end, and if 
the level of the water be observed to be stationary,, the glass should be 
blown through by opening the drain, after closing alternately the steam 
and water ends, by the double shut off method. (For description of this 
see Question No. 230.) 

42. Glass xrater gauges have Hometimes pipe connections 

top and bottom. WTiat is the object of this arrange- 
ment? Should there be cocks at the extremities of 
these pipes? Why, or why not? 
Arts. — The object of the steam and water pipes is to ensure a 
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tteadier level in the glass, by taking the steam from a high poiot above 
the place of greatest priming, and the water from a place below where 
the ebullition due to steam fotm^on on combustion chamber backs is 
the greatest There should always be cocks fitted at the boiler ends 
of these pipes in case they spUt, so that aQ steam and water can be 
shut right off (see fig. 14), 

42. AIiTBRNATIVB BBTTOHa.—ir a fi^aas ivater gauge Is 
directljr attached to tlie boiler la Its readins reUal^e. 
and if not, why not ? 

Arts. — (That already given does all lighL) 

4a Describe a Bourdon steam gauge. Some gauges bave 
an inverted Bypbxm pipe below them; -what is its use? 

Ant, — A BourdoD pressure gauge consists essentially of a small 
curved tube of elliptical section (see fig. 16), having its outer or free 



Fig. 15. Fig. 16. 

end closed and its fixed end in connection with a pipe coming from the 
boiler. The free end is, by means of links and gearing, connected to 
a pointer which revolves round a dial on the face of the gauge, and this 
dial is marked in divisions indicating lbs. per square inch pressure, 
above the atmospheric pressure. Under the action of the internal 
force from the steam the elliptical section tends to become circular, 
and at the same time the whole tube tries to straighten itself out, so 
pulling upon the links and gearing and turning the pointer until the 
" spring " of the tube balances the effort of the pressure and the pointer 
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then stops opposite the reading cori:espondifig to that boiler pressure. 
In order to 'keep the high temperature steam off the tube a syphon 
pipe is fitted and contains water, and it is this water which transmits 
the pressure of the steam actually to the tube. 



.vC 



44. Why is a small cock sometimes put on the pipe leai^ng: 
to a steam gaxige? Where should it be placed, and 
what error might be made by omitting to use it? 

Ans.-^^hen the 'gauge is not in use, and even when it is, the steam 
would condense in- the pipe leading from the boiler and so a gradual 
filling up would result, and for every 2*305 feet the water rose above 
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Fig. 17. 

tne level of the gauge i extra lb. pressure would be shown. Therefore 
the drain cock must be placed on a level with the gauge, and then 
when blowing the water out of the pipe above it will be impossible to 
empty the syphon which must remain filled. 
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46. Do steam gauges indicate the total pressure of the steam 
or only a portion of that pressure? What is the 
pressure measured from? 

Ans. — A steam gauge only registers the pressure above the 

atmosphere^ and to obtain the real or gross pressure the barometer 

reading in inches must be halved and added on to what the gauge 

shows. Thus, say barometer at 29*5 inches, pressure gauge showing 

29*5 
180 lbs., then real, gross, or absolute pressure is . •. —^ + 180 ; i475 

+ 180 « 19475 lbs. It is usual to allow 15 lbs. as the pressure of the 
atmosphere if nothing to the contrary is stated. 

46. AliEBNATivjis SETTING.— If all pressures conld be 
measured from zero or O lbs. -what -would the pointer 
on a steam gauge now showing 160 lbs. read? 

Ans, — It would stand at 175 lbs. or gauge reading at present plus 
the gain in visual amount due to the pressure measuring from 15 lbs. 
lower than at present. 

46. What is meant by the sa l tin g of the boiler? . How is 
this prevented ? What is the density of ordinary sea 
water? How is the density ascertained? What is 
the difference between the formation of scale and the 
salting of the boiler? What is the maxiniuni density 
at -which boilers should be worked at sea? In the 
event of condenser tubes leaking, -what is the mini- 
muim density at which boilers should be w^orked? 
Give your reasons. 

Ans, — By the phrase "salting of a boiler" is meant the water 
becoming so dense that the salt contained in it is likely to deposit 
upon heating surfaces, etc. To prevent such, use the blow down cocks 
and also the scum cock, and by their means remove a certain amount 
of the very dense water and replace by an equal volume from the sea. 
Average sea water contains 5 ozs. of soluble matter per gallon, about 
f of which is ordinary salt (chloride of sodium). To ascertain density 
we employ an instrument called a salinometer, which, on being allowed 
to float, shows on a graduated stem the total number of ounces solid 
matter present, and not merely the salt. Scale is formed by the lime 
and magnesia matters contained in sea water becoming insoluble after 
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a temperature of about 280' F* is reached, and depositing upon all the 
heating surfaces as scale, whereas the salt is quite unaffected by tem- 
perature, and will only deposit if the water becomes practically satur- 
ated, that is, at a density of ^|, when it can hold nothing more in solution. 
Boilers at sea if worked with supplementary salt feed may go as 
high as to read ^ to ^, but if worked with a good non-priming 
evaporator the density will be little above or fresh water mark 
even after long runs. :*(This assumes boiler at first filled with per- 
fectly fresh water.) If the condenser tubes leak at all badly, work to 
the ^ or even perhaps ^, as by so doing only ^ (or J) <^i the feed 
requires blowing out, and if we kept boiler at say -^^^ then ^ the feed 
would be blown out in the same time, and the greater the blow off, 
the more scale forming matter comes into the boiler. 

47. Scum cocks and pipes; hew are they arran^d? Where 
are they placed? At w^hat height in the boiler? 
When are they used? When must they be shut? 
Neglect of these cocks leads to "what dangers? 

Ans. — Scum cocks are fitted to the shell of boiler and have an 
internal pipe reaching out towards the middle of the water level and at 
the outer end of which pipe is fitted a shallow pan being arranged about 




Fig. 18. 



2 inches or so below the usual working level. From the outside of the 
cock a pipe leads down to either the. ship's side, being fitted there to a 
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cock, or else the scum pipe is led into the main blow down pipe. The 
object of scumming is to remove the dirt apd general impurities floating 
at or about the water level and consisting of iaorganic matter (dirt) and 
greasy patches, these being brought to the surface, the latter because 
they are lighter than the water and the former by reason of a film of 
steam forming round each little piece and so rushmg it up to the water 
level, where the steam film breaks away from it If boilers are filled 
with dirty river or dock water they will requirS more scumming than if 
filled with a clean sea or river water. Scum cocks must be shut before 
the level of the water reaches the exact top of the pan, also they must be 
shut when engines are stopped, or no water being fed into boiler, else the 
steam will rush through and be a dead loss. As it is, scumming always 
means losing some good water which must be made up again pre- 
ferably from an evaporator. If these cocks are not well looked after, 
cleaned whenever the chance allows and worked at short periods they 
will salt up and become set fast and by refusing to open may allow a 
very high density to accumulate with a possible risk of salting of the 
boiler. 



47. AIjTBRNATIVE SETTING'.— If a scum pan be placed too 

lo^w -what happens ? How does tliis '' scum " originate ? 
Wliat faults do scum cocks sujQTer from ? 

Ahs. — If placed too low an undue amount of fresh water will be 
blown out before the scum comes down to the level of pan. (Second 
question already answered.) One of the principal faults is the plug 
getting salted up and incapable' of being turned. Other faults are the 
pan coming off, internal pipe choking, or perhaps it breaking short off. 

48. Of -what does scale consist? Where is it most object- 

able? How is it removed? How is its formation 
prevented? Wlxat evil effects are produced by it. 

Ans, — Scale consists chiefly of sulphate of lime, chloride and 
sulphate of magnesia with a small amount of carbonate of lime. It is 
objectionable on the heating surfaces such as furnace crowns, combus- 
tion chamber backs, sides and tops, tube plates and smoke tubes, as a 
very thin layer of scale increases the coal consumption by a very 
appreciable amount. It is removed by means of chipping chisels and 
scaling hammers, care being taking to see that the plates are not 
damaged by these. Its formation cannot be entirely prevented, as 
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even the so called fresh water contains carbonate of lime, but by 
excluding all sea water rfrom the boiler, using a good non-priming 
evaporator for all "make up" feed and by the use of a little carbonate 
of soda disolved in the boiler water, scale can be kept down to a very 
trifling amount. The evil effects from scale are the one mentioned 
above and the even greater trouble of the plates overheating owing to 
the scale preventing the water* getting to the plate to carry off the heat, 
hence these soften and the pressure in the boiler pushes them in^ and 
bulged combustion chamber plates and flattened or collapsed crowns 
result. 



48. ALTERNATIVE SETTING.-Cp scale form if water be 

entirely free from salt ? If free from lime and magrnesia 
as well ais free from salt, does it form? What must 
also exist before scale can form ? 

Ans, — If boiler water is entirely free from 4ime, salt and magnesia 
no scale could form, and if free from everything except the salt there 
would still not be the hard stone-like scale so well known, because the 
common salt (chloride of sodium) is not changed by increase of tem- 
perature, but limes and magnesia matters are, becoming insoluble as 
they get hotter. 

49. What is a salinometer? Of "what does it consist? How^ 

does it act? How is it graduated? Can it be used 
at any temperature indiscriminately? 

Ans! — A salinometer is an instrument for ascertaining the density of 
the boiler water. It is made of brass or German silver and has at its 
lower end a weighted bulb to sink it a certain distance into the water, 
And also a larger sized float. As it floats in the water, the level 
comes against one of the marks made on its stem and so the density 
can be read off, as this stem is graduated to read or fresh water 
mark ^\, -^^y ^, etc., and the spaces between are divided into parts 
of a 32. Many salinometers have a set of readings marked directly in 
ozs. per gallon, as well as the 32 scale. It must only be used in water 
of the temperature shown on the' particular instrument and which is 
almost universally ,200" F. The salinometer floats • lower, for less 
density and higher for more density, hence the or fresh water mark 
is at the top part and the divis^ions get smaller as one goes down the 

r- 

stem. 

c 
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49. ALTBRNATIVB SBTTING.— Wbat is the xneanixlg of the 
word ''salinometer"? Doed It record the presence of 
anything: besides salt in the water? If the weight 
: l>roke off could it still be used? 
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Fig. 19 

Afts.-^The word means "salt measurer," but the instrument, de- 
pending for its use upon the density of the water, records rhe presence 
of anything in solution therein, and if sugar were dissolved in the boiler 
water the salinometer would register a higher density in consequence. 
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Should the weight be broken off the instrument is rendered useless, 
because it cannot then sink lower .enough owing to the float buoying 
it up* . 

, • ,1 

50. What harm may be done throu£:h the check Valve of 

one of a set of boilers being defective *while under 
"way? HoT^ -would you work to avoid this harm? 

Ans. — If the defect is a piece of the valve having broken away, this 
may mean that even when the faulty valve is shut tight on its seat, yet 
too much feed is passing through th^ hole and so that boiler gets more 
than its share. To remedy this^ ease the fires on the other boilers and 
raise the pressure a little on the one with the broken valve and the 
bulk 6f the feed will now take the path of least pressure and the 
amounts will thus be adjusted. Should this not do, then shut off the 
main feed altogether and put on the donkey pump, sending the water in 
through the donkey checks. 

51. How is a leak from a split tube stopped in a boiler at 

sea? Describe the operation. 

Ans, — The leak must be stopped by fitting a plug or stopper to the 
tube. Thus procure a piece of soft wood, and hollow out the central 
portion for a length a little more than jthe length of split, make the plug 
also a good driving fit for the tube and having drawn the fire of that 
furnace, drive the plug down until the hollowed part comes to the split, 
this will be known by the leak stopping when the plug goes down the 




Fig. 2a 

tube. Another and better method is to use a patent stopper if there is 
one handy, and which consists of a rod longer than the tube and 
screwed each end for a few inches, being fitted with nuts and washers. 
Also the rod carries either composition balls, or discs of an easily 
compressed metal (see figs. 20 and 21), and so when the whole is placed 
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within the split tube and the washers tightened down by the nuts, the 
balls, etc., squeeze out and form a steam tight joint at each end just inside | 
the tube. If there is no patent stopper, one may be improvised thus, ' 
cut the ends of the tube flush with tube plate, screw a long bar of 
about I or i J inches diameter, pass it through the tube and fit flat 
washers and nuts at each end, the washers larger in diameter than the 
tube and with jointing material or asbestos sheet, between washers and 
plate, screw the whole lot up tight 




Fig. 21. , 

f ' ' ' 

Note, — Fig. 20 shows a patent tube stopper as made by Messrs. 
Alurray, McVinnie & Co., Ltd., of Glasgow, and it follows the principle of 
having discs of compressible material squeezed up by stout washers 
and nuts, the square on end of central rod being to receive a spanner 
in order to prevent its turning as the nuts are tightened. Fig. 2 1 shows 
Messrs. Beldam's patent stopper and to effect a cure against leaking 
enter the disc £ from smoke box end of burst tube and drive it through 
and its sharpened edge acts as a cutter, removing sooty scale, etc. 
Having placed the stopper in the tube, see fig. 21 (fig. i), screw up nut 
D and the discs A A will then be forced up to the cones B B and when 
screwed t^ht, these discs will fill the coned spaces and make a steam- 
tight and reliable job, see fig. 21 (fig. 2). 



52. What is the use of dampers? Where are they fitted? 
When should they be used? 

Ans, — Dampers are used for checking draught in boilers, and give 
a better and safer control oyer this than by opening the furnace and 
smoke box doors. They are placed in the funnel and at the mouth of 
the ashpits, and if steam is forming too quickly, as when travellin<y at 
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reduced speed, or when the boilers are priming, close in these 
dampers and so check combustion. They should be closed when 
^engines are stopped else steam will be wasted. 

1 

53. Wlien there are np dampers fitted w^hat is used instead? 
What evil to the boiler is, sometimes attributed to 
this? When the heating surfaces are clean does 
this occur? 

Ans, — If dampers be not fitted, the furnace and (or) the smoke box 
idoors must be opened, and this is a very risky plan to adopt, because 
the cooler air striking against the hot plates and tubes causes cracks to 
occur and leaks to develop due to the sudden contraction. This 
trouble is worse on dirty tubes, tube ends, and plates, because then the 
; plate, etc., reaches a higher temperature owing to the scale preventing 
the free passage of the heat through the plate or tutje,- therefore all 
heating surfaces should be kept as clean as ever possible ii> order to 
'minimise the dangers mentioned. 

64. Describe the piston of a ^team cylinder vnth its different 
rings and their uses. There are generally round 
pieces let in flush oxi one side of a piston; w^hat are 
they? Ho^w are these pieces fixed ? 

Ans. — The ordinary or common box type of piston consists pf a 
rcast iron hollow clisc having a central solid portion bored out to take 
the piston rod.' The lower edge of the disc is 9, flange turned to a 
-working fit in the cylinder, and which flange serves as the support for 




Fig. 22. 



the packing rings which may be either of the plain Ramsbottom type 
or a ring which is kept out against the cylinder walls by springs behind 
it. This form of packing ring has a tongue piece fitted across where 
it is cut, and which tongue is a fixture in one end of the ring, but is 
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free to move parallel to ring in the opposite end, and its object is to- 
prevent steam passing by the space between the adjacent ends of the 
packing ring. The packing ring or rings are held in place by a solid 
ring called the "junk" ring, which is a trifle smaller in diameter than 
the cylinder, and, being bolted down to a recess turned on the top of 
the piston, keeps the packing rings so that they may move out to the 
walls of cylinder, but not up or down. The cores for the hollow of the 
piston are supported through, and later on removed through, holes left 
in the underside, and these are afterwards filled with fine threaded plugs 
screwed in flush and kept in place by means of locking plugs, tapped 
partly in core plug and part in piston. 

54. ALTERNATIVE SETTING.— Pistons of smallish diameter 

are nowadays made differently to vrhsX they used to be. 
What is the present method ? Hew are they kept steam, 
tigrht in the cylinder ? 

Arts, — High and intermediate pressure pistons are often made 
of cast steel, coned shape, and the cylinder covers and bottoms, are 
coned to ifeuit. This style makes a lighter and stronger piston, and ta 
keep them tight, ordinary Ramsbottom packing rings are inserted. 

« 

55. Cylinder drain cocks; ^what is their use? There i& 

sometimes a valve upon each cock; w^hat purpose 
does it serve? 

Ans, — The use of cylinder drain cocks is to clear the water out 
which may collect in the cylinders through condensation or priming. 
Those for low pressure cylinders or engines in connection with the 
condenser should have a species of non-return valve fitted that whilst 
allowing water, etc, to be blown out will shut tight if any air tries- 
to rush in, thus preventing the vacuum being impaired. 

56. Cylinder escape valves ; of what do they consist? How^ 

protected? How regulated? When are they most 

needed? To what danger do they expose the 

engineer? What precaution is sometimes used to 
obviate this danger? 

Ans, — A cylinder escape valve consists of a brass spring loaded 
valve and brass seat let into the cylinder cover and bottom. A screw 
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and washer pressing on the top of the spring gives the load, and is 
regulated generally when the engines are first set away by slacking back 
the screw_ until valve lifts each stroke, then tightening down a little 
until it keeps closed. There will then be a pressure of a lb. or so moc 




Fig. 23. 



than the working pressure in that cylinder, and if an increase of pressure 
arises the escape valve at once lifts and releases it. They also act in 
the event of any sudden priming occurring, and to prevent this scalding 
water flying on to the engineers, guards or domes are fitted, and it is 
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the top of these which supplies the necessary nut for the compressing^ 
screw to go through. The domes are secured to the cylinder cover 
or bottom, and often have a pipe fitted to lead the water clear away to 
the bilges. 



67. What is a compound engine? What different kinds are 
there for scre'W steamers, in respect to the number 
and arrangement of their cranks and cylinders?^ 
What is a triple expansion engine? 

Ans. — ^The name "compound" engine is given to one where the 
steam is expanded in more than one cylinder, that is, a certain amount 
or volume of steam is .supplied to the smallest diameter cylinder, and 
this amount (bar losses) works its way through the one, two, or thre& 
cylinders of 'increasing size which follow the one it was first sent into,, 
thus a compound engine enables us to obtain the economy due to 
high pressure steam, without making the working parts heavier, and 
also keeps down the loss by range of temperature in the cylinders.. 
The earliest arrangement of a compound engine had one high 
pressure cylinder and one low pressure of an area about four times 
that of the high pressure and was known as a two-stage compound. 
Its cranks were set at 90' to each other, though in a few cases, when 
the ;low pressure would have been of too great an area, it was sub- 
divided between two more moderate cylinders, and so the sequence 
was high pressure, low pressure, and low pressure, with three cranks, 
at 120* to each other. In some old engines only one crank was used, 
and then the high pressure cylinder was placed 6n top of the low 
pressure, and one long piston rod took both pistons. 

, A triple expansion engine is one where the steam expands in three 
cylinders, each of increasing diameter, and at times the large low 
pressure cylinder is divided into two, and then there are four cranks 
each at 90*, but usually the triple expansion engine has three cranks 
at 1 20* to one another. It can, however, have only two cranks at 90*, 
and then the high pressure cylinder will be placed above either the 
intermediate pressure or low pressure cylinder. The natural sequence 
of a triple expansion engine being high pressure cylinder forward, the 
intermediate (or mean) pressure one in the centre, and the low pres- 
sure one aft The usual ratio of cylinders is somewhere about 
I : 2*6 : 7'5. A quadruple or four-stage expansion engine is also a 
"compound" one, only having foui: cylinders of increasing diameter 
instead of three. 
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£7. ALTERNATIVE SETTING. --Is a quadruple expansion 
eng^e a '* compound '* ? If so, what do you really mean 
by the phrase ** a compound engine " ? 
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^/«j. — Yes, a quadruple expansion engine is certainly a compound 
one, as that name means any engine wherein the steam expands in 
successive cylinders of increasing size. 
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5a What is link motion? What are some of its advan- 
tages ? In modem engines for the scre^w propeller^ 
-when there is no link motion, -what takes its place? 

Ans, — This is the ordinary name for the gear employed to drive the 
slide valve and which gear consists of two eccentrics and straps with 
eccentric rods going up to the ends of a slotted reversing link which 
slides to and fro over a tumbling block attached to the end of the valve 
spindle. The link has fastened to it the two "drag^ rods or links 
coming from an arm on the reversing shaft, and the normal position of 
the above link motion is with the headway eccentric rod in line with the 
spindle and to reverse it is only necessary to push or pull, by means of 
the drag rods, the link until the end of the sternway eccentric rod has 
come underneath the spindle. About the only advantage this link 
motion possesses is the ability to use the steam more expansively, as by 
" linking up '* (removing the eccentric rod a little from exactly in line 
with the spindle) the cut off by the slide valve is made sharper. When 
no link motion such as above is ^fitted, some patent gear like Marshall's 
or Joy's is used* 

68. ALTERNATIVE SETTING.— If the reversing: link were 
made straig^ht instead of curved could the engine run ? 
What advantagre has a long: link over a short one ? Is 
link motion easy to reverse ? / 

Ans, — The engine would run all right with a straight link,, and when 
in full gear little or no change would be noticed, but when linked up 
the change in leads would be pronounced. A long link allows much 
more " linking up " to take place, as one turn of the wheel only moves 
the link along by a small amount, whereas with a short link a turn or two 
of the wheel, while moving the link actually for the same distance, yet has- 
brought its mid position much nearer the spindle than if the link be long. 

An ordinary link motion is not an easy one to reverse, and it is for 
this reason that an engine is fitted to run the links over. If done by 
hand it would be a tedious operation. 

59. What is a separate expansion valve? Why is it not 
fitted to all eng^ines? What effect has an expansion 
valve upon the starting: and upon the reversing; of 
the eng:ine? 

Ans.-^This is a slide valve working upon the back of the ordinary 
or main valve and by means of which the steam is cut off at much 
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earlier parts of the stroke than the main valve alone could da It is 
generally only fitted to the high pressure valve where an engine is 
■designed to have a separate expansion, the reason being that this is 



the controlling cylinder and if the horse power desired is to be less, 
then by the separate expansion valve, sharpen the cut off on high 
pressure and that reduces the whole horse power. If fitted to the 
intermediate pressure and low pressure cylinders it would only alter 
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the individual powers, but leave the total as it was before. At* 
expansion valve of the "Meyer" type as is shown here does not as 
a rule interfere with starting and reversing of the engine, as its sheave is 
placed with the line of throw at i8o° to crank, butH it bad been set to 
give very sharp cut offs, thpn perhaps on starting the bars would require 
a little closing together to enable suiScient steam to enter the ports to- 
start the moving parts. 

Note. — Readers would do well to consult Brown's Siide Valve for 
Engineers, which contains a very good account of this expansion valve. 

60. Wliat arrangement is applied to reduce the Motion of a. 
slide valve? To what is the fMctdon due? 

Ans. — In order to reduce the friction it is necessary to reduce the 
area of the back of valve against which the steam presses. To do this^ 



some form of circular ring, truly faced up, is held agEunst the planed 
surface of the back of valve and also in a circular recess formed in the 
Bteam chest door (or t>ack), or else the rinc is attached to a solid 
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diaphragm plate and the space so formed by valve, ring and plate, etc., 
is put into communication with the condenser and thus not only is the 
valve eased by having a less area for steam to act against, but actually 
there exists an effort to draw the valve away frpm cylinder face. The 
friction is due to the pressure of the steayn forcing the flat valve hard 
against the cylinder face. ' 



60. ALTERNATIVE SBTTINa.— What flaidts may relief rings 
on slide valve backs possess ? dalculate hew much coal 
is wasted by this faiilt. 

Am, — The chief fault is their risk of leakage, and if this occurs the 

steam in the chest at once finds its way to the condenser, if valve be 

the low pressure one. For example, as to loss, assume the leakage space 

to be 'I square inch in area and steam pressure in chest at 20 lbs. gross, 

then each day there will be lost in steam 

•I sq. in. X 20 lbs. x 24 hrs. x 60 mins. x 60 sees. 

~ =1*1 ton, 

70 X 2240 

and taking 8 lbs. of steam per i lb. of coal, there will be i;i -t-8 = '13 

ton of coal lost per 24 hours. 



61. Describe a loose eccentric; how does it act? In what 
engines are loose eccentrics stiU employed? 

Ans, — A loose eccentric is one which is free to turn round upon the 
shaft within certain limits, these being determined by stops bolted to 
the sheave and another which is fixed to the shaft. As the shaft 
revolves ifs stop catches against one of those on the sheave and so 
drives this round abd by means of the gab ended eccentric rod and a 
rocking lever, the sheave s motibn works the slide valve. (In the fig. 27 
the stoppers on the sheave are formed by the balance weight.) The 
action of a loose eccentric is best^ explained by having to reverse the 
engine. By means of the " trippet pin " the eccentric rpd is lifted clear 
of pin on spindle and valve is worked by h^nd so as to admit steam to 
the opposite side of piston. The engine then starts and shaft turns, 
but leaves the sheave standing until such time as the stopper on shaft 
meets the ofAer face of the stopper oh sheave, then steam still being 
admitted by the hand movement of slide, thp eccentric rod is moved 
and when this is seen the trippet pin is lowered and eccentric rod gab 
drops upon the pin at spindle end and the engine works automatically 
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again. The engines using such loose eccentrics are mostly river boats 
like tug45, etc., as it forms a very quick, simple and handy means of 
working such vessels about in a crowded waterway. 



T 
f 







Fig. 27. 

I 

ol. ALTERNATIVE SETTING.— What is the valuable feature 
about loose eccentrics? Can you "link up" ^with an 
engine employing thenx ? 

Ans, — Their great use or benefit is due jto quickness in handling 
engines fitted- with such gear, as directly the gab lever or eccentric rod 
is tripped clear of the pin on rocking lever the engine is under direct 
hand control. No linking up can be done, because the eccentric rod 
is lifted c/ear of the valve lever, and not merely altered in relation to it. 



62. What is the travel of the eccentric rod? Hew is it 
measured on the eccentric? What is the travel of 
the slide valve when the link motion is in mid gear, 
and the engine still moving? 

Ans, — By travel of eccentric rod is meant the distance its end 
moves in a straight line during one of its strokes; To measure from 
the sheave take the narrowest portion from the widest part, or if sheave 
be off the shaft, take the distance between centre of shaft hole and 
centre of sheave, multiply by two and the product is the travel. If we 
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know the port openings to steam and the amount of steam "lap, the 
travel equals top lap +. top port opening + bottom port opening + 
bottom lap. 

When the link is middled the travel of th^ valve is twice tfae (lap + 
lead) plus or miniis the extra amount due to the eccentric rods crossing 
or opening during a revolution. 

Note. — Re^tders should consult the Publisher's Slide Valve for 
Engineers^ wherein this latter part is fully explained. 

63. What are ** double beat valves"? What objections are 
there to their use ? 

Ans, — Double beat valves are simply two valves upon one spindle^ 
both having their own seat to come down into, and used in order to 
have a large opening for steam without the valves being of great 
diameter or opened very wide. A^ seen from the fig. 28 these are 
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Fig. 28 



partially of the nature of "equilibrium" valves, but not entirely so as the 
areas of the two valves are different. Whilst they are easily operated so 
far as opening and closing goes, the old types of such valve were subject 
to the serious drawback of leakage owing to unequal expansion of the 
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spindle between the valves and the valves themselves when heated up, and 
generally they require much careful attention. To get over the above 
difficulty of leakage^ one form of present day double beat valve has the 
top one controlled by a spring so that if it closes first, the spindle can 
still be pulled down a little further (against that spring) and thus shut 
tight the bottom valve. 



^4. Wliat is a circulating pump? Is it always worked by 
the main engine? Give an example from, your last 
steamer of the three water temperatures generally 
noted by careful engineers. 

Ans. — This is the name given to the pump which " circulates ^ the 
-sea water through the condenser tubes, so cooling them and enabling 
condensation of the steam to be effected. The pump may be either 
worked by links from the pump crosshead at the back of the main 
engines, or it may be an independent pump of the centrifugal type, as 
is very common at the present day. If driven from the main engines 
it is usually a double-acting forcing pump and drives the water through 
the nests of condenser tubes and finally sends it overboard by the 
main discharge pipe. The separate centrifugal pump has the advan- 
tage that the condenser can be kept cool when the main engines are 
stopped for a time, such as working about in a dock or a river 
and thus the vacuum is well maintained, making the engines much 
handier. 

The temperatures to note are those of the sea injection (possibly 
about 50* to 65* F.), the discharge temperature (about 90'' to 1 10* F.) 
and the temperature of the feed water, which, without heaters, will be 
about 120° to 150* F. 

Note — Fig. 29 shows a good modem form of separate 'condenser 
and independent circulating pump of the centrifugal type. The com- 
bination is a Weir "Unifiux" condenser and high speed engine direct 
coupled to a centrifugal circulating pump, the latter consisting of a 
series of vanes or impellers mounted upon the shaft and curved in such 
a manner that as they are rapidly rotated, the sea water which is 
admitted to the centre of the surrounding casing, is flung to the 
outside, from whence it escapes by a tangential branch on the casing 
and the rotational energy it possessed thus becomes converted into a 
force sufficient to send the water through the condenser and away 
overboard as usual. 
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«4. ALTERNATIVE SBTTINO.— What pump la Aiaed to cool 
tbe oondenser ? What drives it? Is it a benefit to have 
this piunp clear of the main engines ? 
Alts. — The pump, by reason of its work, is called, a "circulating" 

pump, because it circulates cold sea water through the condenser tubes. 



Fig. 29- 
It is driven either by the main engines, or, very commonly at the present 
day, by an independent engine, and is then of the centrifugal type. It 
is better to have it clear yf the main engines, as then it keeps condenser 
cool all the time. 
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66. An air valve 1^ sometimes fitted to a circulating re- 
ciprocating pomp; ^rhat purpose does it serve? 

Ans. — A valve should be placed between the suction and delivery 
valves of the piynp in order to allow a little air to pass in and so soften 
the otherwise, hard blows on the water with each discharge. 



66. What la the difference between a bucket air pump, a' 
piston air pump, and a plunger air pump ? 

Ans. — A bucket air pump is of the single-acting type having a 
piston with a deep groove in its periphery for the reception of rope 
packing to ensure watertigbtoess when working in the air pump barrel. - 
This piston or bucket has a series of holes through it and carries over 
each group a set of flat meiallic valves, having a hole through the- 




centre of each for a stud taking the guard plate to pass through. 
There may be five or six groups of these valves to each bucket, and 
their function is to open on the down stroke of the pump, and the 
water, air and vapour which has passed into the barrel through the foot 
valves is now compelled to pass the bucket valves and so get above the: 
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bucket, whence it is lifted through the head valves^ on the next 
upstroke (see ifig. 30). A pure piston air pump has a solid brass 
piston and is double-acting, there being a set of Auction and delivery 
valves for each stroke, and as the water comes intO/ the barrel 
through suction valve for one stroke, the previous lot of the other 
stroke is forced out through its delivery valve. If this pumpbe fitted 
with a good air Vessel the flow from it is practically continuous. 

A ** plunger "'air pump is single-acting and consists of a ram work- \ 
ing through a stuffing box exactly similar to the feed or bilge rams, and 
it is therefore a displacement pump, 

67. Are double-acting air pumps made with ^plungers, with 
pistons, or -with buckets? Describe the construction 
^ and action of circulating |)umps ? 

Ans. — Double-acting air pumps must be made with solid pistons 
because tbey do not pass the water, etc., through this part, it merely 
enters and leaves at each end of the chamber through the suction and 
delivery valves placed there, that is, one set for each stroke. 

Circulating pumps are of similar construction, viz., suction and 
delivery valves at each end, and their action is as follows : — On the 
down stroke of the piston water passes in through top suction valve, 
and the up stroke discharges this water through the " discharge " or 
" delivery " valve at the same time as more water is passing ir\to the 
barrel through the lower suction valve. This water is then sent 
through the lower delivery valve on the next down stroke of the 
piston, and so the action is maintained at both ends. 

A modern circula.ting pump is often an independent centrifugal one, 
wrhere, through the agency of centrifugal force due to whirling the 
water round at high speed, it is enabled to pass through the condenser 
tubes and then away overboard. With this pump there are no suction 
or delivery valves. 

Note, — Readers should refer to the figure and "note" accompanying 
Question No. 64. 

38. What is an ai|*-pump trunk? When is it necessary? 
How. is it attached to the bucket? Centrifugal 
piunps ; describe their construction and mode of 
working. 

Ans. — The. trunk is a long hollow casting attached to the bucket 
i>y a long bolt passing through the end of the trunk and bucket and 
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having a box or cap nut fitted to tighten the whole hard up. The head 
of the bolt is formed into a strong double eye, and takes the lower end 
of the rod coming from the pump lever end. Trunks are needed when 
there is, not sufficient room for the usual pump crosshead with its links 
between this and the pump levers. 




o 



A centrifugal pump consists of a circular hollow casting having a 
branch leading at a tangent from its periphery. Inside this chambei 
is mounted, from a centre a trifle away from that of the casing, a shaft 
carrying a series of curved vanes which, by their rapid rotation, cause 
the water to fly to the outer edge whence it passes away through the 
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tangential branch. The vanes must revolve so as to throw the water 
outwards from the centre of the chamber, at which point it is admitted 
from the sea. 



68. ALTERNATIVE SETTING. —If a centpifagal pump iff 

driven' slowly can it discharge the water efficiently ? 
Suppose it were driven the opposite way would the 
water be discharged ? 

Ans, — As the discharge from these pumps depends upon the water 
possessing centrifugal force, of which a minimum amount is necessary 
for overcoming a given resistance, it means that a certain low limit of 
revolution .exists for the vanes, and as centrifugal force varies as the 
square of the velocity," it follows that a small reduction of speed means 
a big loss of energy. If the vanes be driven backwards little or 
no water will be thrown out of the discharge, as their curvature is 
such as to then compel the water to close in to the centre instead of 
flying to the edge. 

V 

I 

69. What class of air pump requires both foot and delivery 

valves, and in what other class can either of these 
valves be in some cases dispensed "with? 

Ans. — All double-acting and plunger types require foot (or suction) 
and delivery valves, but in a single-acting bucket type of air pump the 
foot valve can be omitted when a head valve is fitted, and provided 
also that the bottom of the pump is lower than the bottom of condenser, 
so that the water may gravitate down to the barrel and wait there for 
the descending bucket This single-acting bucket style of pump would 
work without a head valve provided the bucket and valves were quite 
tight and a foot valve fitted, but usually a head valve is fitted as well 
in order to increase the efficiency of the pump. 

An Edwards air pump dispenses with foot and bucket valves, but 
retains the head valves. 

Note. — The Edwards pump, shown in fig. 32, consists of a coned 
piston without valves working in a chamber having ports round it 
towards th^ bottom. These ports are in free communication with the 
condenser and allow the air and vapour to pass to the top of the piston, 
when this is at its lowest point, without having to come through the 
water seal as usually exists with the old style of air pump. The water 
flows by gravity to the coned bottom of the chamber and rests there 



54 EBOWN'S ELEMENTAttV QUESTIONS AND ANSWERS 

until the coned lower pan of the piston displaces it with increasing 
velocity up and in through the above potts to the top of piston, by 
which time ibis Utter has started to come up again, and hence carries 
with it the water, air, and vapour and discha^es these through the only 
set of valves (head ones; this pump has. This pump never misses its 



Fig. 32 

water, will run at very high speeds, takes hot water (comparatively 
speaking), and has much less chance of breakdown than the old type. 
Round the piston it should be noted are cut "water grooves," and 
these filling constitute the packing, and thus the troubles incident to 
soni'e turns of rope are eliminated. 



70. What are marine governors? What is their general 
construction 7 Hoiir do they act? 

j4ns. — A governor is a mechanical appliance for controlling the 
throttle valve of the engine, closing it in as she tends to race away, 
and opening it out as ohe tends to slow down. They all consist of 
some attachment working the throttle valve, and the means of doing 
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this varies with individual makes. Thus AspinalFs type depends upon 
a heavy weight actuating either of two pawls, which in turn control a 
lever capable of opening or closing the throttle, and being fixed to the 
pump levers the heavy weight lags behind as the engines work faster, 
and this results in moving one pawl so as to operate the lever, rods, 
and throttle to close this latter in. As the speed of engines then falls 
the weight follows the movement of lever and so brings the other pawl 
into touch with the lever, and the first pawl having by this reversal 
been put out of action the next stroke of pump lever opens out the 
throttle, and so the actions continue as long as the tendency to race 
is present, 

A more anticipatory type is that of Kerr's, where the throttle is 
controlled by electrical means which depend upon the varying head of 
water at the ship's stem. Put briefly, this governor consists of an 
anticipating cylinder at the aft end of tunnel and open to the sea 
through a cock, a double relay cylinder fitted at the engine and with ' 
piston rod attached to the throttle, and, lastly, a set of Leclanche cells 
with the necessary wiring between the anticipating and relay cylinders. 

The action is as follows : — When the stem rises the head of water 
in anticipating cylinder becomes less and its piston descends, bringing 
the anticipating switch into gear and so closing the circuit. This' 
energises an electro magnet or solenoid which brings the relay cylinders 
into action, and the top of the piston whose rod is attached to the 
throttle is thus opened to the condenser, whilst the bottom is open to 
the atmosphere, and thus a pressure exists due to the intensity of 
vacuum, and the piston is driven out and so closes throttle. Next, as 
the stem goes down and the head of water increases, the anticipating 
cylinder piston rises and in so doing breaks the circuit. A spring on 
the spindle of the solenoid then forces this plunger outwards, and in so 
doing reverses the actions above and the relay piston is driven' in and 
opens the throttle. 

Note, — For the benefit of candidates we have inserted diagrams of 
this governor and append a more detailed description in order to make 
the actions clearer. 

Figs. 33, 34 and 35 show a diagrammatic arrangement of this governor, 
fig. 33 giving elevation of sea cock on skin of ship as well as the 
"anticipating" cylinder ^, whilst fig. 34 shows the "relay" cylinder 
ff oh .trunnion' bearings upon a bracket from the engine column. Fig. 
35 showing the anticipating cylinder and switches. In fig. 33 B is 
a battery of Leclanche cells and ^1, Q^ and ^s are hand switches so 
placed that the relay cylinder may be operated from any place required 
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in order to obviate the labour of working the throttle band lever, or to 
stop the engines quickly in case of accident. 



iB3 




Fig" 34. 

The anticipating cylinder, fig. 35, has a plain piston, p, that under 
normal conditions is forced up against a leather washer, Uf, held in 
place by a screwed head. A 'flange on this cylinder carries three 
pillars, two of which act as guides for the crosshead C while the other 
supports the anticipating switch D. The piston rod has three adjust- 
able tappets, t„ ts and (, which engage the horns Ai and Aj of this switch. 
and throw it in or out of contact. To alter the sensitiveness to antici- 
pate racing, regulate tension on springs Si and <9a while for non-racing, 
raise or lower ti relatively to (, which should be set between Ai and h^ 
when piston is at top of cylinder. The usual working distance is f 
to J inch. When Si and Sg are adjusted so that their downward effect 
on piston is more than that due to the pressure of the water head at 
which propeller begins to accelerate, the piston descends ie^re the 
propeller can race, ti engages Ai and the circuit is completed, bringing 
relay cylinder into action and closing in the throttle. As stem con- 
tinues to rise, piston goes lower and (3 passes below Aa but when stern 
begins to sink the piston rises, due to the now greater head of water 
and ti moves Aj up so as to break the circuit, when the throttle again 
opens ; (j is for use in very heavy weather when rapid pitching occurs 
and acts similarly to t^- 

Fig. 34 shows the " relay " cylinder consisting of a small primary 
relay cylinder R, with slide valve Uu and whose spindle is controlled by 
the solenoid o. Also main relay cylinder R with its slide valve v. 
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operaled by the primary relay piston rod. Cylinder R is provided with 
a double set of ports, etc., and its piston rod actuates the throttle, 
When throttle is open, piston is full in as shown and a^ in its extreme 
back position. Port h, is open to condenser through exhaust passage 
in Vi and port Ag, while h, is open to the atmosphere, A^ being closed to 
both condenser and atmosphere. When, as explained before, the 
circuit is completed, solenoid cote is drawn in and moves u, forward, 
opening back port of primary cylinder to atmosphere and the fi;ont one 
to condenser. Primary piston then moves inwards carrying with it U^ 



Fic 35. 

so opening /fj to atmosphere and /fa to condenser, and thus the air 
pressure forces main piston along and closes in throttle. When piston 
passes edge of /r^ any air left in front is cushioned and thus knocking 
is prevented. When circuit is broken the reverse occurs, thus the 
spring y forces ou( the solenoid core, bringing U, back so that the 
^ppotite side of primary piston is opened to condenser and the atmo- 
sphere forces the little piston, together with tjj, back, this in turn 
opening ft, to condenser and A4 to atmosphere, resulting in the main 
piston being driven inwards and opening throttle. The speed of pistoa 
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can be controlled by partially closing cock Gz on condenser, fig. 33 and 
the exhaust of primary cylinder is connected to that of the main one by 
the bye-pass pipe r. 



71. With a surface condenser and a single-acting air pump 
what is the effect of a leaky foot valve, and what is 
the effect of a leaky bucket when there is also a. 
foot valve? 

Ans. — A leaky foot valve with such a pump does not make much 
difference, if any, to its efficiency provided the bucket is tight. Some 
pumps have no foot valve fitted. With a leaky bucket and normal 
amount of water to deal with, the following would happen : — If say, 
f cubic foot of water had to be lifted each stroke of the pump in 
order to clear the condenser, and through the leaky bucket, etc., 
yV cubic foot leaked back, there would be a rising of the water in 
the condenser until it made a height in the pump barrel equal to 
1 + ^1^ = ^7^ cubic foot, which is the quantity the pump would have 
^to start to lift next upstroke. Now -^^ of a cubic foot would 
still leak back, but the remainder f would be sent to hot well 
and so the new level of water would be maintained. The pump 
is enabled to work in this manner because normally it is nothing 
like full each stroke. ' v 



72. Where is the air pump pet cock or valve placed? How^ 
does it act? What is -its object? Does it in every 
case reduce the effective capacity of the pump? Is it 
equally applicable to double-acting: pumps? 

Ans, — As water is practically incompressible, when pumping it heavy 
shocks are experienced sometimes, so in order to soften it, a little air is 
admitted by fitting a pet cock or valve just below the head valve of 
single acting air pumps. On the up stroke it closes and the air it 
previously admitted cushions the discharge water and so does away with 
the knock or shock. So long as a foot valve is fitted and kept tight 
these pet cocks do not minimise the efficiency of the pump as the air 
cannot pass to condenser. No double acting pump has them, as the 
air admitted then would pass straight -to condenser, there being with this 
style of pump no foot valve* 
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73. At wliat temperature is the hot -well worked? What is 
the effect of hl£:her temx>eratures ? What is the 
effect of lower temperatures? What limits the low- 
ness of temi>erature? Has a very low temperature 
any disadvantaires? 

Ans, — A usual temperature for the hot well is between no** F. and 
130** F. If worked hotter it will mean less vacuum and hence less work 
from the low pressure cylinder as well as impairing the working of the 
feed pumps, owing to the larger amount of vapour coming oflf from the 
hotter water. If worked at a lower temperature more cooling water 
must be sent through the condenser to condense the same quantity of 
steam. This means a loss of work at the main engines themselves, and 
whilst we get a little more from the low pressure cylinder owing to a 
better vacuum, yet the feed being colder means more fuel expended 
in the boiler to turn it into steam. Also with a cold feed the circula- 
tion in the boiler would not be so good. The real limits to lowness of 
temperature are the inches of vacuum required and the temperature 
of the sea. 



73. ALTERNATIVE SETTING.— If you want to save coal and 
ease the boilers, vrhBX would you do with the feed? 
Suppose you carried this too hig^h, what results ? What 
loss do you have about the engine by carrying out what 
you propose ? 

Ans. — (That already given will do for this.) 



74. Bilge injection with Jet condensers; *\^hat are the 
fittings required? When is it used? What precau- 
tions are necessary in using it? 

Ans, — A valve or cock is attached direct to the condenser and a lead 
pipe led into the bilge, a strum being fixed on its end. As the air 
pump creates a vacuum in the condenser the atmospheric pressure on 
the bilge water forces it up the lead pipe past the valve, etc., and also a 
splash plate fitted inside condenser whereby it is broken up and enabled 
to come into closer contact with more of the steam and so condense it, 
whence the two lots of water fall to the bottom and are taken away by 
the air pump. Some of this water is sent to the hot well for the feed 
pumps and the balance and greater amount ^goes overboard through the 
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air pump discharge valve. The only time a bilge injection is used is 
when more water comes into the bilges than what the bilge pumps 
themselves can deal with. Great care must be taken to see that main 
injection valve on the side of ship is closed so that all water is drawn 




Fig. 36. 

t 

from bilge only, also to ensure that strum is clear and when finished 
with the bilge injection, to close its own cock or valve before opening 
the main injection again, otherwise the air would rush in from bilge and 
destroy the vacuum. 



^5. When surface condensers are used vrh&t takes the place 
of the bilge injection? To -^hat is the connection 
made? Ho-w is its valve formed? Why is this 
necessary? 

Ans. — With a surface condenser it is usual to place' the bilge 
injection on the main injection pipe so that the circulating pump may 
either force or draw the bilge water through condenser tubes, provided 
we have closed first the main injection valve. There must be fitted to 
the bilge injection a "non-return" valve, and the usual lead pipe and 
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bilge strum. By a "tibn-retum" valve is meant one that being free 
from the spindle will open to allow bilge water to pass, but in the event 
of the main injection being accidentally left open (or opened) when the 




Fig. 37. 

pump is stopped, there shall be no passage of the sea water back to the 
bilges as the valve simply returns on to its seat. These non-return 
valves can be fitted with screw adjustment similar to a feed check valve 
and so their opening regulated to suit requirements. ^ 

76. ALTERNATIVE SETTING.— What risk would be run if 
the bil£:e injection valve were made like a stop valve ? 
What should always be fitted to prevent the valve 
becoming choked ? Of what are the bilge pipes made ? 
Why is this? 

Ans, — (To what is already given add) — The reason for using lead 
for bilge pipes is that it does not corrode under the action of the acids* 
always present more or less in bilge water. 

76. What are the practical g^iides to the proper amount of 
opening of the inlet valve for the circulating pump? 

Ans, — The practical guides are the temperature of the sea, the 
inches of vacuum required and the amount of steam to condense. If 
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the condenser be allowed to get too hot, there wilL be a poor vacuum^ 
loss of power from L.P> cylinder but a hotter feed and so lesa coals 
used in the boilers and less work taken by the circulating pump, but 
the feed pumps may very likely refuse to take their water due to large 
quantities of vapour. If the condenser is worked very cold, it means a 
high vacuum and more work from L.P. cylinder but colder feed 
and hence 'more fu^l needed in the boilers and greater work by the 
circulating pump, as more water must have been sent through the 
condenser, in a given time, to obtain its low temperature.^ 

76. ALTERNATIVE SETTING.— Suppose you found the con 

denser very hot what would be the cause ? If only hot 
at one end what is the cause and which end would be 
the hot one? 

^ Ans, — If condenser heats all over it is a sign that the circulating 
water is too little and may be caused by chokage at inlet rose plate, or 
circulating pump valves carried away, or more steam coming to con- 
denser than what the given opening of injection valve will pass water 
/for, oij the water itself. at a very high temperature (as in the Red Sea). 
If only one end heats it will be the etid opposite the inlet,, and is due 
to the division piece on door at inlet end having broken away, thus 
allowing the water to pass straight up and away to discharge, cooling, 
that end of condenser, but allowing the other end to heat up. 

77. Feed pump pet cock or valve; where is it placed? 

What is its use? How does it 1 act? Is it always a 
necessary fitting? 

Ans* — The pet cock should be placed between the ;5uction and 
delivery valves of the pump and by its admitting a small amount of air 
it softens the working of the pump, preventing shocks and knocks on 
the discharge stroke. It also enables the engineers to see if the pump 
is working correctly, but it is not always fitted, as air, even in small 
quantities, is best kept out of the water going into boilers. 

78. What are some of the ways of fastening: the ends of 

surface condenser tubes? A1;)put what size and about 
what thickness are condenser tubes? What parts of 
a surface condenser are made of brass ? 

Ans. — The commonest method at the present day is to form in the 
tiibe plate a small stuffing box at each hole and to screw in a gland. 
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The space round the tube is filled~with cotton packmg soaked in linseed 
oil, and when the gland is screwed tight down a sound watertight joint 
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is made. Another method is to bore the holes in tubeplates much 
larger than the tube itself. Then t.o force in a wooden ferrule made of 
willow or pine which has previously been compressed and soaked in oil. 
When this gets wet it swells and makes a tight joint, but is liable to 
shrinkage and subsequent leakage of the tube ends if condenser gets 
hot The tubes are of brass about No. 18 S.W. gauge ('048 inches) 
which is neady ^ inch thick, and are about \ inch to \ inch in 
diameter outside. The parts made of brass are the tubes, tube and 
middle bearer plates, and the studs for these plates. 

78. ALTERNATIVE! SETTINa-.— What fault has a wood ferrule 

for condenser tube ends 7 How are the tubes prevented 
ftom coming out 7 What is done with a split tuhe, and 
which kind of tubes are most likely to spUt 7 

Am. — (To what is already given and shown in fig. 38 add)— The 
brazed tube i^ much more likely to split, and at the brazing, than is a 
solid drawn one, and when so split plugs of soft wood must be driven in 
at each end in order to prevent the sea water passing through to the 
steam side of condenser. 

79. What is a blow throusb valve or cock ? To what is it 

attached? There is sometimes a valve which, w^hen 
opened, admits steam ftom the slide valve casing to 
the exhaust port ; w^hat la its use ? To which cylinder 
is it fitted? 
Ans. — A blow through valve is for the purpose of blowing all air and 
water from the condenser previous to starting the engines. To do this 
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it is fitted to the steam chest of the L.P. cylinder and some arrangements 
admit the steam by the exhaust port, others sending it direct to top of 
condenser. If neither of these methods is adppted, th6 steam can be 
admitted into the eduction pipe and so to the condenser. If after the 
blow has been on for a short time, the injection is opened, a vacuum 
will be formed greatly helping the starting of the engines. 

,1 ' • 

79. ALTERNATIVE SETTING-How do you drive air and 

"water out of a condenser b@fore starting engines ? Why 
is this done ? Ho-w is it carried out ? . 

Ans, — (That already given will do). 

80. What are snifting valves? Why are they gianerally 

omitted no-w? , 

Ans, — They are a small non-return valve fitted to the lower part of 
condenser or air pump barrel. Being free to lift they rise and allow 
the escape of air, vapour and water from the condenser when it is 
being blown through. Also they act as a relief valve should an excess 
pressure arise in the condenser, etc. The vacuum keeps the valve 
tight against its seat normally and so no air can pass into the con- 
denser. The need for these valves is not so great with a triple 
compound engine as with the old type of single cylinder, because we 
are not so dependent on the vacuum for starting with, still snifting 
valves are fitted and usually so with the Edwards form of air pump. 

81. What connections are generally fitted to the donkey 

pump, and to what services pan it be applied? 

Ans,— -The connections to the donkey pump vary a little with 
different steamers, but a good arrangement is as follows: — The suction 
to be able to draw from the sea, hot well, bilges and ballast tanks, and 
to discharge to deck, overboard, condenser, sanitary tank, distiller, and 
boiler (either sea or fresh water feed), and both the main and donkey 
boilers. The above refers to the general service donkey. 

81. ALTERNATIVE SETTING— How do you manage if the 
feed pumps' fail you? And if the circulating pump 
breaks dovm what pump is the most readily put on to 
do its work? 

Ans, — (That already given will do). 

D 
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82. Wlien the engrines are stopped in har)t>our with steam up, 
-what are to be shut and what are to be opened? 

Ans, — ^When stopping for more than a few moments-, close inter- 
mediate stop valve (or throttle valve if this be quite tight) and the 
injection. • Also close funnel and ashpit dampers and shut off the 
evaporator if this has been working. The check valves can also be 
closed, and if fed from independent pumps these latter must, of course, 
be stopped first. Ease the safety valves a trifle and open steam on to 
the reversing gear engine, also open the different drain cocks and 
change over the exhausts of such auxiliary engines as fan, dynamo, 
freezer, or centrifugal circulating pump on to the auxiliary condenser, 
if there is one. If the engines are finished with, the discharge, feed, 
and bilge valves must be closed also. 



83. How is an engrine heated up before starting? What 
precautionary examinations are made before starting? 

Ans, — To warm an engine through before actually starting, see that 
all drains are open and the various valves of the engine and pumps free 
to move. If an " all-round " reversing gea^ is fitted, give steam tp its 
engine so as to very slowly move the links to and fro, this will move 
the slide valves a small amount and let the steam have a chance of 
getting into more of the cylinders, and if it can work through to con- 
denser pump a little water through this to keep it cool. Then open 
main and intermediate stop valves together with throttle valve; and also 
admit a little steam through the starting valve on I. P. or L.P. engine. 
Before starting see that main injection and discharge valves are open, 
also feed valves and checks, likewise the bilge pump valves. Also, see 
that propeller is free, that the turning gear is clear and crank pit 
empty. Also make sure the cylinders, chests and pipes are drained of 
accumulated water. 



83. ALTERNATIVE SETTING.— Are there any precautions to 
take with such as stop valves when raising steam ? 

Ans, — All such as. main and intermediate stop valves should be 
eased off the face ere steam rises, then shut down again just sufficient 
to ensure tightness. If this is not done it is often found that a valve 
which has been hard closed when cold is jambed fast when it has 
become heated, and perhaps cannot be opened. 



wm 



■■B 



■1 



BRQWN $ ELEMENTARY QUESTIONS AND ANSWERS 



67 



84. What is an interceptor or catch water? Where is it 
fixed, what is its construction, how does it act, and 
what attention does it require ? 

Ans. — An interceptor is a T-shaped casting placed somewhere well 
in sight and inserted in the main steampipe before reaching the 
engines. A plate is placed at the centre of the chamber for the in- 
coming wet steam to strike against, whence its moisture is deposited 
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and trickles down to the bottom of the chamber. This accumulated 
water may be blown either into the bilge fresh water tank or into the 
hot well by means of a drain coming from the bottom of the inter- 
ceptor. A glass water gauge is also fitted to show when it requires 
blowing, and care must be taken not to let the water get too high as, if 
so, it may be carried round with the steam and serious trouble result. 
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It will be seen that the steam as it leaves is very much dri^r than when 
it entered, hence an interceptor is a st^am scrubber or drier, 



84. ALTERNATIVE SETTING. - What quality of steam 
requires a drier In the steam pipe ? Why ? 

Ans. — Ordinary wet saturated, and also dry saturated, steam botli 
benefit by passing a drier, interceptor or catch water, before going to 
the engines, the former especially so, as then the priming water is taken 
out of it, and in the latter, though it only contains the usual moisturei 
yet a great deal of that will deposit out in the drier, and so the steam 
when in the high pressure cylinder does not facilitate " initial conden- 
sation " to such an extent as undried steam. 



85. Describe an air pump bucket, "with its valve or valves 

and its packing. Of what are the valves generally 
made ? 

^Ans. — An air pump bucket consists of a cast brass piston having a 
central hole for the attachment of the air pump rod, and also a series 
of groups of small holes, each group being covered with a valve or 
valves. These holes allow the water drawn into pump barrel on up- 
stroke of bucket to pass through this latter on the downstroke and so 
be in position ready to be lifted and discharged through the head 
valves. With modern pumps the valves over each group of holes 
consist of three thin circular sheets of muntz metal or phosphor bronze, 
and each set has a guard plate fitted which is usually perforated so that 
the water may get to the valves on the lifting stroke, and bring them 
quickly back to their seats, so making tightness. The edge of the 
pump bucket is made with a fairly deep recess into which manilla rope 
packing is placed, this swells when working and makes a good water 
tight fitting for the bucket. (See fig. 30, page 50). 

India rubber valves are still met with on buckets of old design, and 
act in much thcsame way as do those mentioned above, but they are 
not so reliable, and tend to break and become soft under increase of 
water temperature. ] 

86. Of what materials are air pump rods made ? Why ? 

Ans. — At the present day new rods are made of muntz metal as its 
strength is equal to that of wrought iron, but older rods are often 
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found having an iron centre or core, sheathed with brass or muntz 
metal in order to prevent corrosion and subsequent destruction of the 
packing in the stuffing box. It may be mentioned that muntz metal 
being a species of brass is non-corrodible. -' 



87. What is tlie racing of the engine? When does it 

occur? What danger attaches to it? What is done 
to prevent it? 

Ans. — By racing is meant a more or less sudden increase in the 
revolutions of the engine, due to the propeller coming clear or partially 
clear of the water, owing to violent pitching' of the vessel, or else such 
as a shaft breaking or large portion of the blades of the propeller 
getting knocked off. The danger caused by racing is that either the 
shaft or some of the moving parts of the engine may fracture, not 
merely due to the high speed, but also to the sudden shock when the 
propeller again dips into the water fully. To prevent trouble as much 
as possible a governor is often fitted which closes in the throttle as the 
engines begin to run away, and opens it out again as they slow down. 
If though no governor be fitted, then an engineer should be told off to 
stand at the throttle and regulate this according as 'he feels the stern 
rise and fall. As a precaution, the engine could be slowed down a little 
"all the time racing is feared and the injection reduced to the smallest \ 
amount practicable. , 

88. When under way, when the air pump bucket is at the 

top of its stroke, at i^hat height is the water in, the 
condenser? 

Afns, — If a foot valve be fitted to the pump so that a slightly better 
vacuum may be obtained in the barrel to what there is in the condenser, 
the water will rise in the former to a height such as to balance this 
difference. .For example, say vacuum in condenser 12 J lbs. (or 25 
inch), and in barrel i2f lbs. (25*5 inch), or a difference of \ lb., then as 
every 2*305 feet height give i lb. per square inch, there will be for this 

\ lb. only = '58 feet higher in pump barrel than in condenser. 

For all practical purposes though, the vacuum intensity in both 
condenser and barrel may be considered equal and thus there will be 
the height of water due to the clearance of pump bucket, plus that 
which has drained in from condenser during up stroke of pump. 
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89. What is meant by the ''pitch" of a aCTevr propeller? 
Biovr is it measured ? 

Ans. — By the "pitch" is meant the distance the screw would move 
forward in one revolution, provided there were no slip, that is if it 
revolved in a solid. To ascertain the pitch, turn one blade of propeller 
vertical, then construct from laths a square capable of gripping tight to 
the stern frame and coming against one edge of blade. Mark the point 
of contact, and then with another square placed at right angles to the 




Fig. 40. 

centre line of shaft bring its blade touching the other edge of the 
propeller blade and mark point of contact. Then measure on first lath 
the distance between the first scrieved mark and the blade of the 
movable square, this gives "piece of pitch." Measure next the distance 
between scrieve mark on movable square and the edge of lath, this 
gives ** piece of circumference." Measure the radius of propeller blade 
at which you are working, and this should be at its greatest breadth, 
then from 2 x radius in feet x «■ we obtain whole circumference at that 
point, and finally a proportion as follows gives the desired pitch. As 
part circumference : whole circumference : : part pitch : whole pitch, 

or as c' : C : : p' : P' whence P= 
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90. Bxplain the difference between a *' right hand" and a 
"left hand" propeller, and stitte how each of them 
revolves. 

Ans, — When viewing the propeller from aft looking forward, the 
edge of the blade which is furthest from us determines its hand, thus 
if the right-hand edge be furthest away it is a right hand, screw, and will 
turn from left (port) to right (starboard) over the top. If the left ed^e 
be furthest off, then it is a left hand screw, and will revolve from right 
(starboard) to left (port) over the top. The foregoing edges which 
•determine the style of propeller are, of course, the " leading " edges. 
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90. ALTERNATIVE SETTING.-- Suppose a right hand pro- 
peller should have the hole bored taper from the w^rong 
end of boss does it thereby become a left hand screw ? 

jlns. — No, the fact of the boring out being done wrongly simply 
makes the driving face of blades come at the back of propeller ; in other 
words, the more convex surface now drives aft the water, and does so 
most inefficiently. No right hand thread is made a left hand one merely 
by turning end for end.. 
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91. What is tha sMp of a screw propeller ? How is its amount 
expressed in figures ? 

Ans, — By slip is meant the amount lost in each revolution by the 

screw working in a yielding substance instead of a solid. This is 

called positive apparent slip, and is calculated as follows: — Say screw 

is. of ^i8 feet pitch, turning 64 revolutions per minute, and ship's speed 

; , ^ . , 18 ft. X 64 revs.^ x 60 mins. 

IS 10 knots per hour. Ensjme knots are tt-t — — 

^ ° . * 6080 ft. 

= 11*36 per hour, hence 11*36 - 10 = 1*36 knots of slip. Expressed as 
•a percentage upon the engme spe^d this is — = 13*6 per cent. 

Real slip is the sum of the apparent slip plus the speed of the 
wake (or following stream of water). 

There is also "negative" apparent slip where tl;e ship travels a 
greater distance than pitch x revolutions in a given time, and this is 
due either to a current carrying the vessel, in the direction of its own 
motion, or else by a very large "wake." By wake is meant the water 
that has been dragged along by the friction of the skin of ship falling 
away astern and so to the propeller, during which time it retains some 
^of its forward velocity, resulting in the screw forcing a/? water moving 
forward, and the effect thus produced is as though the screw were 
driving out a stream of water at greater velocity than that of its own 
making. This negative apparent slip is worse with very bluff-lined 
vessels, and though it might appear to be desirable in practice it means 
a loss of power because the screw is working in water greatly disturbed. 



92. Which of the valves about engines and boilers have to be 
worked by hand, which of them are self acting, and 
which are worked by the motion of the engine ? 

Ans, — Valves worked by hand, either as a temporary measure or 
else solely, are main and intermediate stops, throttle valve, safety valves 
(by their easing gear), starting valves, slide valves (by the reversing 
gear), main injection and side discharge valves. As soon as steam is 
up and the engines working the following become automatic in action : — 
Slide valves, feed and bilge valves, check and safety valves, air pump 
discharge, and main discharge if it be not lashed up to prevent 
hammering upon its seat, also air and circulating pump valves, and 
feed escape. 



BROWN^S ELEMENTARY QUESTIONS AND ANSWERS 73 

03. Why is soda sometimes put into a b3iler, and ixovr 
is it put in when under way? What is the kind of 
soda used? 

Ans, — Soda being an alkali neutralises the acids which may be 
present in the boiler water and by so* "killing" them prevents, to a very 
large extent, pitting. The soda is known as carbonate of sodium, or 
common washing soda, and a further valuable property of its use is that 
it tends to convert the sulphate of liiiie, which any sea-water feed has 
brought into boiler, into the more easily got rid of carbonate of lime, 
ias this latter does not form so st,one like a scale Scs the sulphate of lime; 
A moderate strength solution of the soda having been made it can be 
introduced either direct to the hot well or else drawn up into the air 
pump suction from condenser, there being sometimes a small cock and 
pipe fitted for this purpose. 

98. ALTERNATIVE SETTING.— If acids are present in the 
boiler water what do we add thereto ? Do we make a 
weak^or strong: solution, and do we put much or little 
into the boiler at a time ? Does it cause any trouble ? 

Ans: — To kill the acid add carbonate of soda made up thus : In a 
clean bucket cover the bottom thickly with the soda crystals, fill with 
water to a little above their level, ^hake or stir for a minute or so, and 
^pour off this liquor, leaving the crystals washed of all dirt, etc Fill 
bucket with fresh water and dissolve all the soda, and put in an average 
sized boiler about a pint or so every watch, depending upon the acidity. 
Do not dose boiler with large quantities of strong solution, as this will 
cause priming and possibly corrosion on brass spigots. 

1 ... J 

94. Tallow cups for cylinders were sometimes made with 
two small cocks, or with only one small cock, pr with 
one large hollow plug cock, or "with one small cock and 
a valve ; -which of these is suitable for a high-pressure 
cylinder, and which for the cylinder of a condensing 
engine? Describe how the cup with only one small 
cock is used. What is now generally used instead of 
these ? How has this change come about ? 

Ans,-^lf a tallow cup has to be fitted for a high pressure cylinder 
it must be of the type having a cock top and bottom so that the lower 
one can be closed when the cup needs refilling, otherwise when the 
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upper one was opened the steam would escape and might cause serious 
ti;ouble and also prevent the cup being refilled. 

In a condensing engine working slowly a single cock cup might 
answer, 2^ we could open it and pour the tajilow down during the 
vacuum stroke, but in. any engine where the steam pressure .is more 
than a few lbs. above the atmospheric pressure no tallow cup should be 
used, as taUow, being an animal fat, contains injurious £lcids and should 
be kept away from the boilers. If used where the pressure and 
temperature of the steam is high these acids are liberated and pass 
right along until they reach the .boiler. In place of the tallow cup 
there is used an " impermeatot " or "sight ffeed" lul?ripator supplied 
with pure mineral oil that contains no acids. 



95. Does a cylinder escape valve, self-acting, alloTV all the 

water to escape? If not, how much is lefb in the 
cylinder? 

Ans, — An escape valve does not allow all water to be removed, 
because it is only brought into action by the advancing piston forcing 
the water in front of it and hence through the valve when it gets near 
the end of its stroke. Before it can open this the whole of the 
clearance space between piston and cover, likewise the steam passage 
into cylinder from slide valve face, must have become filled with water, 
and it is only the volume in addition to this that can be displaced by 
the piston, therefore the clearance spaces are left filled, 

96. What is a "steam lubricator" (sometimes called an 

Impermeator)? Explain its action. To w^hat part of 
the engine is it connected? Will throwing cold -water 
over it make it work faster or slcwer? Describe the 
one used in your last steamer. 

Ans, — An impermeator is a cast brass chamber containing oil to 
a certain height and having an upright pipe coming from the bottom 
to nearly the top. The lower end of this small pipe communicates 
with a gauge glass fitted with cocks and attached at the side of the 
chamber. From the upper gauge cock passes a pipe to lead the oil 
away to the steam pipe for the engines. On the opposite side to the 
gauge glass and at the bottom is attached one end of a condensing coil 
whose other end is connected to the steam pipe, and the action of 
the whole is as follows : — 
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Having placed a certain quantity oF oil within the chamber to a 
height a little below the top of the smill vertical tube, the cocks ad- 
jnitting steam to the coil and also allowing the oil into the steampipe 
are opened, with, the result that the steam in the coil turns to water 
and is seat to the bottom of the chamber. Oil being lighter than 
water, it floats, and is carried up as the 'condensed steam gradually 
accumulates and very soon the oil overflows down the little vertical 
tube and so into the guage glass, its How being regulated by the gauge 



cocks. Passing up the glass it goes away by the oil pipe and so 
reaches the steam and gets carried to the engines. As the whole 
action depends upon condensing the steam in the coil it follows that 
throwing cold water over the impermeator as a whole will result in 
quicker condensation and so more water will go to the chamber in a 
given time and hence more oil bs displaced. - A drain cock or plug is 
usually fitted to the extreme bottom of the chamber so that the water 
may be drained away when all the oil has gone, and also, used for 
cleaning purposes. 
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98. ALTERNATIVE] SETTING.-If more oU must b6 fed by a 
steam lubricator bow do you obtain it ? 

Ans, — By opening the regulating^valve below each little glass gauge 
and by pouring cold water over the coil (or other portion) in which the 
Steam has to condense. The cooler this part i3 kept the quicker water 
will displace the oil. , 

/ 

'97. A common paddle wheel; of what is the centre made? 
Of what are the arms formed,? ^That is the form of 
the bolts which attach the floats to the arms? How- 
are the'arms attached to the centre ? 

Ans,-*—*The centre of a common paddle wheel is made either of cast 
iron or cast steel the same as is that for a "feathering" wheel. If of 
cast iron it is strengthened at the ends of the shaft boss and also on 
the periphery, by having hoops of wrougbt iron shrunk and pinned on. 
A hole is bored ,to fit the shaft to which the centre is attached by a 
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strong key. The arms are made of wrought iron or mild steel and fit 
into recesses cast in the "centre," being attached thereto by turned 
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bolts. The actual "bolts used. in radial (or common) wheels for attach- 
ing the floats to the arms are hooked and have their shanks screwed 
and a nut fitted. The hook portion clips round the framework of the 
wheel and the shank passes through a hole bored in the float, then a* 
washer is slipped over and the nut hardened down on to this. Thus * 
the float must lie at exactly the same angle as the arm to which it is fixed. 

07. AliTBRNATlVB SETTING.— When you speak of a " com- 

mon" paddle w^heel what type do you mean? Has it 
any faults ? Do you know any designf of wheel that 
obviates these ? ^ 

Ans, — By " common " wheel is meant one of the radial type, where 
the floats are directly, secured to the arms. It causes great shock as 
the very oblique blades strike the water sharply, and on leaving lift a 
lot with them, both being losses or faults. Feathering wheels eliminate 
almost entirely these troubles. 

08. Why have some paddle -wheels one or more cast iron 

fioate in each wheel? With w^hat engines are these 
most required? At what part of the circumference 
are they placed ? 

Arts, — Cast iron floa^ are placed in sucl^ a position on the wheel as 
to help the crank over the centre, or in other words to prevent it 
stopping on either dead centre, their effect being to pull the wheel 
round until they are at their lowest point. The engine will then ha,ve 
its crank ready to move when steam is admitted to the cylinder. 
These iron floats are required in single cylinder engines, or twin 
cylinder engines if they be worked disconnected. Another effect of 
these heavy floats is to make the engine work smoother, as when the 
crank is, say, coming down and the engine would like to gather speed 
quickly, the iron floats are having to be raised on the other side and so 
they check any rushing tendencies. 

99. Why are paddle floats sometimes made of different 
breadths in the same wheel? With what description 
of engine is this most needed? Where are the broad 
floats placed and where are the narrow floats placed 
in the circumference of the wheel ? 

Arts, — The reason for fitting dissimilar breadths of floats in the same 
wheel is to make the turning effort more uniform. This is accomplished 
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as fpllows : — When the engine exerts its greatest effort, which is when 
crank and connecting rod are at right angles to each other, the broadest 
floats must be vertical in the water and thus driving aft the maximum 
•amount and so absorbing the engine's powerful effect. But as the crank 
approaches the dead centre the effort of the engine has considerably 
diminished, and it could no longer impel the same sized float at the 
same speed, hence the narrower ones are placed so as to be vertical in 
the water at these periods,^ and thus thp turning effort is carried 
out at a more uniform speed of rotation. Single cylinder engines 
require this difference in breadth, aa do also twin-cylinder ones it 
run disconnected. 



99. ALTERNATIVE SETTING.— With a single cylinder engine 
driving paddle wheels how is the rotation effort made 
more uniform ? 



Ans, — (That given already will do). 



100. What difference is there between a radial paddle T^heel 
and one with feathering floats? What is the object of 
.feathering floats? Are aU the eccentric rods attached 
in the same way, and are they all of the same form ? 

Ans. — With the radial wheel, the floats being fixed directly on to 
the arms, take the same angle as these and so enter the water with a 
big splash, and on leaving they raise a considerable quantity also, both 
acts resulting in a loss of useful work. With a feathering float, as each 
is free to swing upon a bracket at each arm, and is further controlled 
by its eccentric rod coming from the eccentric or "star disc," it is made 
to enter and leave the water more nearly vertical than the radial type, 
and thus there is not so much loss of work with a good feathering wheel. 
Further, the floats exert a greater drive upon the water in their passage 
through it. All the eccentric rods except one are attached to the strap 
by means of pins, and are free to move thereon, but the one exception is 
that called the driving or king rod, and this is secured to the eccentric 
by a gib and cottar joint, and its function is to compel the eccentric to 
turn with the wheel and so keep the proper arrangement of all the 
other rods and thus effect the feathering. It is usually made a 
good deal stouter than the ordinary rods, as naturally it has giore stress 
coming on it 
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I 100. ALTBRNATTVB SETTING.— How do -w© Obtain the floats 

j of a feathering vheel more nearly vertical than 'with a 

radial xrheel? If all the eccentilc rods were tree to 

' move on l^e eccentric or star disc, ^hat would happen ? 

i Ans. — (To what is given add) — If the eccentric rods were all free 

I the disc would remain stationary until, by the wheel turning, it had 
brought several of the ^ods all foul one with the other. The disc would 
I then begin to revolve, bUl the time of moving each float would be entirely 
! different to what it should be, and so correct feathering would never 



101. Whereabout is Vbe centre of the eccentric of a paddle 
wheel with feathering floats placed? In that case are 
the feathering levers on the striking ftuie or on l^e 
back of the float? Wh^n the paddle shaft has an outer 
bearing hoTV is the eccentric nuide ? 

Am. — When the shaft has no bearing on the sponson beam the 
eccentric with its pin is placed upon this latter having a lead of the 
ceiltre of main shaft of from lo to 12 inches, which thus enables the 
floats to enter the water more nearly vertical. , The feathering rods and 
arms are in this case attached to the back of the Boats. If the shaft 



should have an outer bearing, i.e., upon the sponson beam, tne 
eccentric is usually cast in halves and forms a part of the cast iron of 
the bearing, dr else iS cast in halves and bolted to this. The distance 
between the centres of shaft and eccentric would still be arranged for 
the 10 to iz inches lead. 
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102. Of iivhat mateirials are the working^ surfaces of a 
I>addle wheel with feathering floiLts? How are they 
lubricated? 

Ans, — The working surfaces differ a little with various makers of 
wheel, in some the eyes in ends of eccentric rods and bearings of the 
rocker pins at the floats are bushed with lignum vitae the pins being 
mild steel, either left plain turned or else sheathed with brass or muntz 
metal. In others the bearings and eyes are bushed with muntz metal 
instead of lignum vitae. The lubrication is effected by the sea water. 



103. What is a disconnecting paddle engine? At what place 
is the disconnecting effected? How is it accomplished? 
In which of the cranks of a disconnecting engine are 
the crank pins fixed? 



\ 
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Fig. 45. 

Am, — A disconnecting paddle engine is really two single cylindei 
engines which, can be connected together or disconnected at will, by 
means of a clutch sliding upon the shaft. This clutch is really a 
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circular web and moves parallel to the shaft upon* strong keys sunk 
into this, and its movement is controlled by a lever working a strong fork 
in between collars formed on a boss at the back of the sliding clutch 
or web. At one place in the side of the clutch disc a recess is cast to 
receive the continuation of the crank pin of that engine and which pin 
is made a fixture in the ordinary crank web that is shrunk on .the outer 
piece of shafting carrying one of the paddle wheels ; this is usu,ally the 
port side. The clutch being moved to starboard frees itself from the 
port crank pin and so the two engines are " disconnected " and each 
can control its own wheel, hence one can go ahead whilst the other 
goes astern and so very quickly turn the vessel round. To ** connect " 
the engines see that the port crank pin is opposite hole in clutch disc, 
move over the operating lever and so push the clutch over the pin end, 
when the two engines will work together. / 

Before disconnecting can be carried out, the steam must be shut off 
engines and then the clutch can be pulled free; if this is not carried out 
the friction is more than can be overcame by one's hand. 

103. ALTBRNATIVBS SETTING-.— What is the common style 

of paddle engine to-day? If the shaft broke can the 
engines still be worked? What peculiarity is often 
noticed in fitting the crank pins of these engrines ? 

Ans. — At the- present day the commonest type is the diagonal form 
with high pressure and low pressure cylinders operating two cranks. 
The shaft here must be coupled as usual into one piece, and so if it 
breaks the engines most likely cannot be run, but with the plder forto 
of disconnecting paddle engines, if the middle piece of shaft gave out 
the engines could be run. This applies also if either of the outer 
shafts broke the other could still revolve. 

Most paddle engine crank pins are only rigidly fixed in one web, 
being an easy fit in a brass lined hole in the other web, usually the 
outer, if not disconnecting engines, the object being to allow. for the 
greater wear down of the outer bearing due to overhang of wheel. 

104. Is link motion valve gear or the loose eccentric 

generally used fbr disconnecting paddle engines? 
For what st9amers are disconnecting paddle eng^ines 
frequently employed? y 

Ans, — The loose eccentric type .of valve motion is employed with 
disconnecting engines and these latter are fitted to tugs, river ferries 
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and such craft as have to work their way in and' about crowded rivers 
and must therefore be exceptionally quick in turning, etc. Note that 
the loose eccentric for the valve gear must be placed upon the outer 
pieces of shafting with a disconnecting engine so that each one may 
control its own sheave. 



105. What are expansion Joints ? Where are they necessary ? 
What attention do they require ? Of virhat should the 
'working: surfaces be made ? 
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Fig. 46. 
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Arts, — The usual type of expansion joint is to have one end of thb 
steam pipe brass sheathed and working in a cast iron stuffing box, fitted 
with a gland and specially long gland studs, the stuffing box being 
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packed with a few turns of soft packing and the gland tightened down 
just enough to ensure steam tightness. To the pipe, a few inches in 
front of the gland, is fixed a guard collar, and through this the long 
gland studs pass, having nuts on their outer ends, set up to be clear of 
the guard ring when pipe is cold, this clearance being greater th^ longer 
the straight length of pipfe. Expansion joints- are required in all cases 
where long, straight lengths of several feet of steam piping occur to 
allow for the expansion of this as it becomes heated, otherwise too severe 
stresses would be set up on whatever the ends of the pipe ^re secured 
to. If the pipe has some easy bends in it no expansion joint is required. 
The attention principally needed is to see that the entering end does 
not get jammed hard and fast in the gland and stuffing box, but remains 
free to move ; also, that the packing does not get too hard from the high 
temperature. The working surfaces shodld always be either brass or 
muntz metal. 

A better type of expansion joint or " box," when the amount to be 
allowed for is not much, is. the one having two or three large corruga- 
tions worked into what is really a piece of the copper main steam pipe, 
and, being fitted with brass flanges, is lenabled to be placed in between 
any two lengths of piping, and the corrugations allow of movement or 
working in all directions, whereas, the older type first mentioned is only 
of use so long as the push and pull come in a straight line. 



105. ALTERNATIVE SETTING.— How are stop valve chests 
prevented from cracking: by the steai^ pipe heating ? 
Are there any troubles with the special fitting ? 

Ans, — (That already given will do). 



106. What omission in the construction of expansion Joints 
may lead to a serious accidenl^ when steam is first 
applied ? How is this prevented in the construction of 
a steam trunnion pipe for an oscillating engine ? 

Ans, — Should the guard collar or the long studs, or their nuts be 
omitted, a serious accident might result from the pipe coming out of 
its stuffing box, and so to prevent this always see that all the above are 
ip place. 

With the trunnion of an oscillating engine the pipe cannot blow out, 
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because it has a bracket cast on its lower side, and this is bolted down 
to the engine framing, not absolutely hard and fast, but the holes in the 
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Fig. 48. 



bracket are made oval to a slight extent and the nuts tightened down 
just enough to allow a little movemient transversely. 



107. Describe an oil cuj) with a syphon -worsted ? How is the 
worsted arranged ? How is it cleaned ? How far down 
the tube does it extend ? 

^«^.— The usual arrangement of an oil cup is a cast brass box either 
circular or rectangular fitted with a cover or lid and having one or more 
vertical syphon pipes arranged in it and to a height about J" off the cover. 
One or more strands of worsted are taken of several inches length and 
twisted together at one end and to which a thin piece of copper wire is 
attached. This wire is bent like a hook and the end with the worsted 
pushed well down the short syphon tube below the oil in the cup. The 
other or hook, end r^sts on the edge of the pipe, and thus holds the 
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worsted in position. The free ends of the worsted are weighted with 
lead to keep them down in the oil, and the principle of the* arrangement 
is that the fibres of the worsted act as capillary tubes and draw the oil 
up, and so pass it along to the inside of the syphon tube, whence it 
slowly drips down and is led to wherever wanted. The worsteds must 
be taken out of their tubes when engines are not working, otherwise 
much oil would be wasted. They should be hung by the hook to the 
edge of box to be ready for their next insertion, and as soon as they 
show signs of being dirty should be removed and either scalded clean 
or new ones substituted. 

/ 
108. Describe a thrust bearing ; which of the surfaces wears ? 
WHy is there sometbi^ a number of oil tubes for one 
thrust bearing ? 

Ans, — The object of a thrust bearing or block is to take the thrust 
from the propeller and transmit it to the hull of the^ vessel and so push 
this- through the water. Their construction, though it varies with 
different makers, must be very strong and the whole block well secured 
to the vessel's floors. A good modern construction of block is to have 
a number of strong cast iron horseshoe shaped collars, each fitted with 
inserted strips of white metal on both faces, and also haying an oil 
supply to grooves cut in these strips, and each collar having an oil box 
formed in its top portion. Sometimejf these collars are made hollow, 
and a water service arranged . to and from each for the purpose of 
cooling should they run hot. Along each side, of the framing of the 
block is secured a large diameter rather finely threaded screw, this 
being held at each end by large nuts, and also carrying at definite 
intervals thinner nuts, and it is between successive pairs of these that 
the gaps formed in each leg of the horseshoe collar slip over.. The thin 
nuts each side are then tightened down against this and help to hold it 
secure, the collar being prevented from moving up by strong tap bolts 
passing through the end and coming underneath a flange cast on the 
block. As the thrust comes up the shaft in a forward direction it is 
the aft surfaces which wear the most, and to take this up if all wear 
equally the big nuts are slacked off forward and tightened up aft, and 
so the whole screw and collars are worked aft sufficient to take up the 
slack. If an individual collar has worn, or we wish to do what is the 
usual thing, viz., set up so many collars to take the sternway thrust, 
this is done by working the thin nuts to or fro and so moving each 
collar as desired, but not the lot together. Some forms of thrust blocks 
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have collars simply placed in cast recesses in the framing, being bolted 
down thereto, and are, of course, fixtures. With these any adjustment 
for wear must be made by liners inserted between the white metal strip 
hung upon steady pins and the recess in the collar in which it is placed. 
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\ Fig. 49. . 

108. ALTERNATIVE SETTING. -What is to-day taking the 
place of an ordinary thrust block ? What advantages 
has it ? Why does a thrust heat ? To what is a thrust 
bearing attached ? Is it a vital part of the engines ? 

Ans, — What is called the " Michell" thrust, in which the surface is 
divided into a number of segmental pivoted blocks contained in a cage 
fitted to the "block." The effect of the thrust upon these pivoted 
blocks causes them to tilt slightly in such a manner as allows the oil 
to flow in, and the thrust is thus always taken upon oil instead of metal 
to metal. This system saves about y®^ of the friction, is cheaper to make, 
and allows a shorter bearing. A thrust Keats by virtue of the friction 
between collar and horseshoe, and if allowed to run dry will soon have 
the white metal melted out. A thrust bearing must be very securely 
and strongly connected tq the floor plates of the vessel, and there is 
special strengthening worked in by the shipbuilder where, the thrust 
block is to be attached. It is about the most vital part of the equipment 
of engines, etc., in a Vessel. 
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109. What parts of a screw shaft are grenerally covered with 
brass? Why Is this necessary? About what thickness 
is the brass? 

jlns, — The parts of the screw or tail end shaft requiring to be 
covered with brass liners are the two places where the shaft revolves 
in the lignum vitse bushing aft, and the stuffing box, etc., in the forward 
end of st^rn • tube. It is necessary in order to stop the shaft rusting 
and corroding at these places, as, if allowed to do this, it would soon 
result in destruction of the wood strips and also the packing. A usual 
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Fig. 50. 



thickness of brass is about J inch, the liners being prepared the least 
thi^g lessen diameter inside than the shaft, and after being heated 
internally by gas heaters are slipped over the shaft and shrink them- 
selves tight to it.. Afterwards they are pinned in place as well by plain 
screwed unheaded pins. 



109. ALTBRNATIVB SETTING.— When no brass liners are 
fitted on a tail end shaft how is the stern tube con- 
structed? And "(^hat is done to the shaft itself? Does 
the brass liner cause any trouble ; if so, what ? 

Ans, — If liners are not fitted the shaft is usually made about y 
larger in diameter, and runs upon white metal in the stern tube, lubri- ' 
cation being effected by oil fed either by a hand pump periodically or 
else a gravity supply. Liners cause a bad form of corrosion upon the 
shaft just at or inside their ends, and which is due to galvanic effect 
between the brass and iron or steel of the shaft. These are in metallic 
contact, and, both being acted upon by the dirty water, results in an 
electrical current being set up which destroys the shaft. 
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110. What is the stern tube or screw shaft pipe? Why is a 
pipe of such a length required? Of what is it made? 
How is it fixed at each end ? 

Ans, — A stern tube consists of a long cast iron pipe of large 
diameter, having a flange at the forward end for bolting to the after 
peak bulkhead, and through which tbe stern tube passes and also 
through a large boss formed in the stern frame. At the aft end of the 
tube where it projects through the frame a fine thread is cut and a 
large cast steel nut secures it firmly in position, there being a collar 
cast on the stern tube to come butt against the inner face of the 
stern frame. The tube is fitted with a bush of lignum vitae at the after 
end, and at the forward end is - made a stuffing box fitted with gland, 
etc., so that the shaft may revolve watertight or practically so in-the 
stern tube. 

The reasons for having a tube of such a length are twofold, firstly, 
to enable the stuffing box to be brought sufficiently far up the tunnel 
that it may be readily got at for inspection aftd the like, and, secondly, 
by utilising the after peak bulkhead for the forward support it saves 
having to specially erect a structure to carry the inner end of tub6. 



111. X^hat is a lignum vitas bearing? How is the wood 
fitted ? Where is such a bearing generally used ? 

Ans, — A lignum vitae bearing is usually fitted for the outer bearing 
of the tail end shaft, and it consists of a cast brass bush, or cage turned 
to fit inside stern tube, and containing a number of strips of lignum 
vitae wood cut so that the grain stands' outwards. These strips are in 
some types of bush driven down grooves cast in this latter and all 
running parallel to the axis, the wood projecting up from the brass a 
matter of f inch to \ inch, and the space formed between, adjacent 
strips allows sea water to flow up and lubricate the shaft. 

Another form of lignum vitae bearing is to have a plain bush, and 
into this drive strips of the wood all touching each other, and wedge 
the whole firmly in glace by means of a long, slightly tapering brass 
key driven down between the last two wooden strips. To allow for 
lubrication with this plan all the inner edges of the strips are 
chamfered off. v 

With both types of bush the inside diameter is finally turned to suit 
that of the brass liner on the tail end shaft, and the bush- placed in 
position at the after end of the tube, being secured to this by tap bolts 
passing through the special flange cast as a part of the bush, and to 
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prevent the wood strips working forward either a collar is cast project- 
ing inwards on the tube or else the brass bush is "bottomed." To 
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prevent the wood working out aft, a "check plate" in halves is secured 
to the flange of bush,, and is turned to a diameter a little more than 
that of the brass liner on shaft. 

112. How is a screw propeller fixed on the shaft? What 
means are used to prevent its getting loose at sea? 

Ans, — ^The outer or tail end shaft is tapered at about \ inch to the 
foot and the propeller boss bored out to suit this. A broad but rather 
shallow key is sunk and pinned in place on this tapered portion of the 
shaft, there being a corresponding keyway cut in the boss. This key 
must be a good flt at* the sides, but clear at the top. At the end of the ' 
shaft a screw of about 2 J threads per inch is cut to take a wrought iron nut, 
and the propeller, having been placed upon the taper, is forced, hard up 
by means of this nut, whose thread is cut left handed for a right handed 
propeller, and vice versa. To prevent; the nut coming off, should it 
become slackened, a pin tapering a little and split at one end is driven 
through a hole drilled just aft of the face of the nut. Another plan is 
to fit a notched plate on to the boss so that one of the cants of the 
nut fits the notch. 



112. ALTERNATIVE SETTING.— If the thread of the pro- 
peller nut is of the same "hand" as the screw itself 
what would likely happen ? 

Ans, — The propeller when going astern endeavours to come off the 
taper, and if the nut were of the same hand the revolving would tend 
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to loosen it, \^th the result the screw would become slack. With the 
opposite hand any vibrations tending to jar the nut tighten it up. 



1 

113. Where are sluice valves placed? What large sluice 
valve is there in almost all screvr steamers? From 
what position should this valve be worked? Why so ? 
What attention should it receive? 

Ans. — Sluice valves atre, or ought to be, placed on every watertight 
bulkhead and on each side of the vessel. On (the engine-room and 
stokehold bulkheads the sluice valves are in the form of wedge like 
doors fitting down into cast iron frames bolted to the respective bulk- 
heads;. The doors are controlled by long screws whose upper end 
comes up to the top platform atid from this point by a suitable lever 
the screw can be turned, and as it works in a nut securely attached to 
the door this latter can be closed down from a safe^place in the event 
of any accident occurring below. The door on engine-room bulkhead 
leads to the tunnel, so in the event of this becoming flooded the door 
can be closed and the engine-room protected. All sluice valves and 
watertight doors shouldy at frequent intervals, be operated in order to 
see that they remain in proper working conditions, otherwise they may 
refuse to shut when wanted and thus lead to a serious danger. 



114. With a condensing: engine what valves or cocks are on 
the skin of the ship in the engine room and in the 
stokehold? 

Ans, — In the engine room of a steamer are situated, on its skin, the 
main injection and discharge valves. Air pump and bilge discharge 
valves, inlet for ballast tanks, also the donkey suction and discharge 
yalves as well as the water service cock. In the stokehold are placed 
the blow-down cock to which the scum cock 4lso connects, water 
service for cooling ashes, donkey boiler blow-down cock and there may 
be a suction cock for a donkey to work an ash ejector (if one be fitted). 



115. What are the necessary fittings of a marine boiler ? 

jlns, — Including all cocks and valves amongst the " fittings " there 
are main stop valve, safety valves, main and donkey feed check valves, 
whistle cock, salinometer cock, test cocks, cocks controlling the watei 
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gauge glass, and if this is arranged for double shut-off working (or even 
with a " solid " column), then cocks or valves in addition direct on the 
boiler at the ends of the pipes leading to the gauge column. Also a 
valve to supply steam to the auxiliary engines, blow-down cock or valve 
and scum cock, water gauge mounting and a steam pressure gauge. 
In addition, the funnel, air casings and uptake, also smoke box doors, 
fire doors and furnace fronts, bearers, dead plates and bridges. 



116. With a surface condensing: exigrine "What cocks or valves 
are opened some time before the engine is started so as 
to be ready for starting whenever the order is given? 

Ans, — With a surface condensing engine, some time before it has to 
start, the main and intermediate stop valves should be opened and the 
throttle valve just eased. Feed check opened, main and bilge dis- 
charge valves seen to be free to lift, and the main injection opened and 
the water service cock also. , Next see that all drains from jackets, 
chests and cylinders, etc., are opened in order to free any accumulated 
water through condensed steam, and that the suction valves for the 
. feed and bilge pumps as well as their discharge valves are free to lift. 



117. What is a steam jacket? What cocks are on it? In 
ivhat engines are Jackets most generally used? Do 
they require to be felted ? 

# 

Arts, — A steam jacket is formed by either an outer casing to the 
cylinder or else having the actual walls of this formed by a ** liner" 
touching the cylinder proper at top and bottom and leaving a space 
between the two. This space is filled with high temperature steam 
direct from boiler and the object of this jacketing is to prevent so 
much condensation inside the cylinder, and this it does by keeping the 
walls at a temperature higher than they would be in an ordinary cylinder 
unjacketed. Usually the high pressure cylinder of a triple compound 
is the one having the jacket, but cases are met where all the cylinders 
have them, and then reducing valves must be employed to bring the 
pressure down to what is safe for th^ particular cylinder. Jackets must 
be fitted with drain cocks to free them of condensed steam and send it 
either to the hot well or freshwater tank, also a steam inlet cock and 
sometimes a gauge glass to show if water is present The outside of 
the cylinder must be efficiently felted or lagged. 
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117, ALTERNATIVE SETTING. —To prevent condensation in 

the cylinder 'wbat Is fitted 7 What must be attached in 
order to control the workings ? Are all the cylinders so 
treated? 
Ans. — (That already given will do), 
i| 

118. What parte of an engine or its fittings should be felted 

or otherwise protected trom radiation ? 
Afts. — All the main and auxiliary steam pipes should be well 
covered with felting, asbestos or cement, likewise all cylinders at the 
sides, covers and bottom. The boilers should also be covered 
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efficiently, right round the shell (even inside the seating plates), «ilso 
the backs, and fronts where possible, and the water gauge pipes as well 
should be clothed, air casings being fitted to the uptakes and round 
the funnel. Throttle and intermediate stop valves should be clothed 
in order to minimise condensation. 



119. Wliat are the small cylinders sometimes fitted on the 
slide valve casing cover of vertical ensrines? Explain 
their act^n. To vrhsLt are they connected by a pipe? 
Why? 

Ans. — The small' cylinders seen above the steam chests coatain 
^'balance" pistons fitted to the continuation of the valve spindle. The 
lower end of the cylinder is open to the pressure existing in the steam 

IN CONNLCTION )NITH THB. 




Fig. 54. 



i 



brown's elementary questions and answers 95 

» 

chest, while the space above the piston is in communication with the 
condenser, thus there exists a pressure per square inch tending to lift 
the valve of steam press H- vacuum in lbs. The gear is thus eased of 
so much deadweight, hence the straps, etc., work cooler. 

1 19. ALTERNATIVE SETTING.— What is fitted to take some 
of the -weight of the valve g^ear off the spindle ? What 
faults have these fittings ? How do they operate ? 

Ans, — (To what is already given- add) — The principa,! fault is the 
risk of leakage of steam down to the condenser, and if this should occur 
. there will be as many pounds of steam lost every yo seconds as there 
are pounds of gross pressure upon the area of the leak. 



120. Name the principal pipes in connection -with the engines 
and boilers of a steamer, and state to what the ends of 
these pipes are connected. 

Ans, — The most important pipes about the engines and boilers are 
the following :— 'Main steam pipe connecting main stop valve with the 
intermediate stop and the throttle valves. Eduction or exhaust pipe from 
low jiressure chest to top of condenser. Donkey engine steam supply, 
connected to steam cock on boijer and the steam chest of the donkey. 
A steani pipe connecting steam cocks on boiler and the cylinder jacket 
Steam pipe connecting whistle cock on boiler to whistle, horn, or siren. 
Steam for deck purposes, connected to steam cock on boiler and 
winches, etc., on the deck, and a steam supply to the ballast pump, 
connected to cock on boiler and to slide chest of pump. Discharge ^ 
pipes from valve box of large donkey and leading to condenser, over- 
board and on deck. Main feed pipe connected to discharge valve of 
feed pump (or air vessel) and to the check valves on boiler. Donkey 
feed pipe connecting the feed donkey discharge to tjie donkey check 
valve on boilers. Donkey suction pipe connected to sea cock on ship's ' 
side and the valve box of the pump, with a second pipe coming from 
hotwell. Feed suction pipes attached to the pump suction and to the 
hot well. Main injection pipe attached to main injection valve on 
ship's side and leading to the suction valve of circulating pump. Mstin 
discharge pipe from the condenser to side discharge valve on ship, air 
pump discharge pipe from hotwell to valve on ship's side, and bilge 
discharge pipe from the bilge pump delivery valve to discharge valve 
on ship's side. Blow down and scum pipes connected to their 
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respective valves on boiler and to the cock on ship's side. Bilge 
suction pipes attached to bilge pumps and leading from strums or 
mud boxes at the bilges. Bilge injection pipe coming from the bilge 
and attached to non-return valve fixed on the main injection pipe 
Cylinder drain pipes attached to the different drains and led to the 
fresh water tank, hotwell, or bilges, also drains from steam pipes and 
jackets and led to same place. Waste steam pipe from safety valves 
on boilers to atmosphere, pipe being open ended for the escape of the 
steam. Water gauge pipes from steam and water cocks (or valves) on 
the top and lower parts of the boiler and leading to the top and bottom 
heads of the water gauge mounting. Water service pipe from cock on 
ship's side to the pipes arranged for cooling bearings, bottom ends, 
etc., also a pipe from ash cock in stokehold to cock on ship's side. If 
a starting valve be fitted then a steam pipe is fitted from main steam 
pipe to the valve chest. A small pipe leading from the boiler to steam 
gauges placed in the engine room and stokehold. 

121. Throu^rh -what cocks or valves, pipes, and chambers 
does the "water pass on its way from the sea inlet rose 
plate- to the water space of the boiler, with a jet 
condenser? 

Ans. — The various cocks, pipes, etc., the circulating water passes 
through with a jet condenser are firstly the sea inlet rose plate ^.nd 
main injection valve, then through injection pipe to cock on condenser 
and up the internal pipe of this, being sprayed from its top. The 
water then mixes with the steam, and the two lots fall to the bottom of 
condenser and are taken by the air pump, being sent through the foot, 
bucket, and head valves of air pump and so into hotwell, from whence 
a certain quantity is taken by the feed pump through its suction valve 
(and intermediate piece of piping), being next discharged through 
delivery valve into feed pipe and so ailong to and through the check 
valve into boiler. The balance of the water in the hotwell is sent 
overboard through the air pump discharge valve. 
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122. Througrh what cocks or valves, pipes, and chambers does 
the circulating water of a surface condenser pass ? 

Ans. — ^The water for a surface condenser passes first the rose plate 
on ship's side and then main injection valve, it then passes through 
main injection pipe to the suction valve of circulating pump, and 
passing through this is discharged through its delivery valves and 
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forced through the condenser tubes and then away by the main 
discharge pipe up to the discharge valves on ship's side and so overboard. 
If a centrifugal pump be fitted the water enters its centre and is whirled 
round by the vanes apd discharged from a tangential branch and goes 
through condenser, ^tc, as before. '' 

» 

123. Through what coc ks or valves, pipes, and chamlbers 

does ihe steam pass from the boiler until it is in the 
form of water in the hotwell ? 

Ans.-r-The following is stated for a triple -expansion engine of three 
cylinders. The steam on issuing from the boiler goes first through main 
stop valve, main steam pipe, on to the intermediate stop and throttle 
valves, and thence to the high pressure steam chest. On the high , 
pressure valve moviilg it is admitted to the high pressure cylinder, in 
which it does work, and exhausts back through same ports as it entered 
by into the exhaust cavities of valve and cylinder. Thence by either a 
pipe or cast passage way it goes to the intermediate pressure chest, and 
as this valve works it is alternately admitted to and exhausted from that 
cylinder. By the exhaust cavities"it is enabled to pass z//a a pipe or cast 
passage way into the low pressure chest, and, as before, into and out of. 
that cylinder, being now of a very low pressure, and therefore requiring 
a greater area of pipe, it passes via the large education or exhaust pipe 
down to the top of the condenser, in which it is sent fore and aft by 
' means of an internal deflecting plate. The steam thus comes well into 
contact with the cold tubes, being thereby condensed, and trickles to 
the bottom of condenser, and from there, as water, it passes to the air 
pump, and through this to the hotwell, from whence the feed pumps 
take it and possibly send it through a feed filter and heater placed in 
the main feed pipe, and so along to the check valve on boiler, and on 
passing this it may get to a short directing pi{)e which sends it to some 
particular place in the boiler. 

Nb^ by Author, — The latter part of the paragraph may be omitted 
by candidates if they care to, but it is given in order to make the 
circuit of the water complete. 

124. Name the pieces of the engrine through which the 

pressure of the steam is transmitted from the piston 
to the screw propeller. Name them in the order in 
which they act. 

Ans, — The effort of the steam sets up a certain load on the piston, 
which is transmitted to the piston rod, and through this to the cross- 
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head pin, passing thence through the connecting rod to the crank pin. 
Next by the crank webs to the shaft, and so on to thrust and tunnel 
shafts, finally getting to the tail end shaft and propeller. It should be 
mentioned that the effort is transmitted from piece to piece of the 
shafting by means of couplings and their bolts. 

125. What is an air vessel ? How does it act ? At what parts 
of an en£^e or of its fittings are air vessels generally 
applied ? 

Ans. — An air vessel is usually a cast iron rather high dome-shaded 
chamber fitted to the delivery pipe from a forcing pump, and its action 
is that as the water is forced alopg the pipe past the bottom of the 
air vessel it rises within this to a height such that the imprisoned air is 
compressed to an equal pressure with the water. Then as soon as the 
discharge from pump ceases this cushioned air expands and reacts upon 
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the water to such an extent as to force some of it out from the air vessel, 
and as it can only pass along delivery pipe in the same direction as 
before, it results in the flow being more regular ; in fact, a large air 
vessel enables an almost continuous passage of water. Also, they take 
up any shock or thud the plunger may impart to the water, and this 
they do through the act of compressing the air. They should always 
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be fitted to the upper parts of such as feed pipes or oiher pump 
discharges, except such as centrifugal pumps, with which latter there 
are no shocks. 

125. ALT^Rl^ATIVE S£STTING.->How can the dischargre from 

a single ^acting: pump be made nearly continuous? 
Suppose a crack took place in the fitting: -would it work ? 

Ans, — (To what is already given add) — If a crack came in the 
upper part of air vessel the air cushion would be reduced and it may 
be entirely destroyed, and in that event the water would vary in dis- 
charge just as though no air vessel had ever been fitted. If crack were 
very slight all the air might Etot be expelled for a long time through it, 
and then the discharge from the pipe would gradually become less 
and less continuous. 

126. What is the construction of a mud box ? Where should 

mud boxes be placed? Why are they necessary? How- 
should the space be divided by the rose plate, and why ? 
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Ans, — ^A mud box is a cast iron chest or box fitted with a removable 
lid, which is made air tight and kept in its place by a screw and bar. 
Mud boxes are placed on the suction pipes to bilge pumps, and should 
be so situated that they are elEisily opened for cleaning or inspection. 
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Tbeir shape is usually rectangular, and the inside is divided into two 
parts by meaps of a perforated (rose) plate, and through which the 
water from the bilges must pass, that next the outlet to pump being J 
and the other portion, which is on the bilge side, is f the total volume 
of box. They are required in order to prevent bilge pumps choking 
with the dirt, small coal, etc., accumulated in the bilges, and so the 
object of giving more space on the bilge side than the pump side is to 
allow for a fair silting up of the box before it shall require cleaning out. y 

126. ALTERNATIVE JETTING. ^-ShoiQa a mud box have an 
air-tight lid? If no mud box be fitted what would 
happen? ^ • 

Am, — As the mud box is upon the suction side of the pipe it is 
essential that the on/y opening into it for water, dirt and air should 
be the main inlet at bottom. or side. If air leaked in at cpver it 
would spoil the vacuum the bilge pump is making, and this would 
refuse duty thereby. If no box is fitted, all the small coal, dirt, etc., 
of the bilges would be drawn up into the pump and gag the valves, 
score plunger, and generally ruin the whole affair. 



127. What is a trunk engine ? Why has it fallen into disuse ? 

Ans. — In a .trunk engine the piston rod and crosshead are done 
away with, their place being taken by a^ large diameter hollow trunk 
bolted to the piston and passing through glands and stuffing boxes on 
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both ends of the cylinder. The trunk hag to be large enough to allow 
the connecting rod to swing to and fro within it, because thfe small end 
of this rod is connected to. a large^ double eye bolted to the piston and 
whose pin forms what would be the top end gudgeon. The engine is 
therefore very compact, as the cylinder is brought near^to the shaft, but 
they have fallen into disuse principally through the great cooling effect 
the large trunks had upon the steam in the cylinder, this causing much 
condensation, and also at the present day there is not so much need for 
such a compact engine. 



128. What is kn oscillating engine ? For vrhB,t steamers are 

oscillating engines generally adopted ? Why ? Hovr is 

■ • ■ 

the steam conveyed to and from the slide valve casing? 

/ 

Ans, — ^An oscillating engine is one where the whole cylinder with 
valve, chest and part of the valve gear oscillates or rocks backwards 
and forwards upon hollow trunnions, and the connecting rod is dis- 
pensed with, the piston rod being formed 2tt its upper end into a head 
•carrying the brasses embracing the crank pin, and as the crank revolves, 
the piston and cylinder, etc., turn upon the trunnions. These trunnions 
lead to a passage way cast round the cylinder to and from the valve chest 
or chests and having a division in it, one part forms the live steam supply 
through, say, the outer trunnion ; whilst the inner one and that portion 
of the passage form the exhaust. Oscillating engines occupy much 
less height than equal powered engines of the ordinary inverted type, ' 
and are thus suitable for boats like ferries and other shallow draught 
vessels having paddle wheels, as its moderate height allows the floats to 
get a good dip into the water. 

129. Of i77hat parts does the valve motion gear of an 

oscillating engine consist? 

* Ans,— The valve motion of an oscillating engine usually consists of 
the "Stephenson" gear having its two eccentrics, straps, etc., and 
reversing link, but whose block, instead of being directly at the end of 
valve spindle, is upon a pin placed at the upper part of a slotted 
quadrant or sector, which sector works vertically between guides 
formed by the pillars supporting the top framing of the engine. 
Working in the curved slot of the quadrant is a block at one end of a 
rocking lever„ whose other end takes the valve spindle, and whose 
fulcrum is made by a bearing coming up from the cylinder itself. 
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Thus as sector is moved up by the eccentric, the valve goes down, and 
vice versa, and as the slot is curved to a radius equal to that from the 
centre of the trunnion when sector is at mid-stroke, it follows that as 
the cylinder vibrates its motion does not interfere at all with the valve^ 
which is only controlled by what the eccentrics do. The placing- of 
these is now, following the crank, at right angles, /ess the angle for lap 
and lead. {See plate III.) 

The above paragraphs apply equally whether there are two valves^ 
chests and rocking levers (for the purpose of better balancing) or 
only one. 

129. ALTERNATIVE SETTING. — What function does the 

curved quadrant fulfil in the valve gear of an oscillating: 
engine ? How are the sheaves placed with suc^ gear? 
What is sometimes done to balance tho oscillation ot 
the cylinder, etc. ? 

Ans, — (That already given will do). 

s 

130. For what have geared engines sometimes been used? 

Of what were the cogs of the large ^wheel made ? 

Ans. — In the early days of marine engines the speed of the pro- 
peller had to be more than what the engine itself ran at, so a large 
diameter wheel was placed on the engine shaft and a smaller or pinion 
wheel upon the screw shaft, resulting in this latter running at a good 
many more revolutions per minute. The teeth of the large wheel 
were made of either oak or beech, inserted in properly shaped holes 
and fastened securely. The smaller wheel was of cast iron with teeth 
machined to reduce friction and wear. 



131. At what part of a screw steamer is the pressure that 
propels it applied to the hull? 

Ans, — The pressure that propels a steamer is called the " thrust '* 
and is applied at the thrust block, which is a very strong casting con- 
taining the thrust collars, and this casting is firmly bolted down ta 
either the floors of the ship, or a strong framing coming up from these 
just aft of the reciprocating engines. But for a turbine, the thrust block 
is placed forward of the turbo and is not of such massive construction^ 
as the turbine itself takes up the thrust when running at a steady speed. 
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132. At -what part of a paddle steamer is tlie pressure that 
propels it applied to the hull. ^ 

Ans, — With a paddle engine the thrust conies first upon the frame- 
work of the wheel and so to its centre, being transmitted to the outer 
shaft bearings and so on to the paddle beams and framing of the 
engine, and these being built into the ship it in turn is applied to 
the hull. 



133. About h,ow much fuel per indicated horse power per 
hour is required hy modem steam engines, common, 
compound, and triple expansion? 

Ans, — fhe qoal consumed depends greatly with each class of 
engine upon their individual efficiency, but taking average values they 
are, for the common engine, from 3 to 4 lbs. per hour per indicated 
horse power. A two-stage compound will bum from ;f to 2 lbs., ivhilst 
a three-stage or triple expansion engine consumes from i J to about if 
lbs. per hour per indicated horse power. 

133. ALTERNATIVE SETTING.— What is about the avera^^e 

consimiption with a turbine ? Also -with oil fuel and 
with a Piesel engine ? 

Ans, — If a turbine is allowed to run at its full (and high) speed the 
coal consumption is usually a trifle better than with a triple expansion 
engine, and in the case of geared turbines, where the speed may be 
very high, tests have shown 1.65 lbs. per hour per shaft horse power. 
With oil fuel an average consumption is about i to i J lbs. per hour 
per indicated horse power, and with Diesel engines it runs about J lb. 
of fuel oil per hour per indicated horse power. 

134. What is the explanation of the economy of the surface 

condenser? 

^«j.— With a Surface condenser the feed water is sent to the boiler 
quite fresh, provided the condenser is tight, whereas with the* common 
jet system we have either to keep a continuous blow off or to periodi- 
cally blow out so much of the boiler water in order to keep its density 
■down. This resiilts in a lot more scale-forming matter coming in with 
the additional feed, and if the steam pressure be more than about 
30 lbs. gauge, large deposits of scale will ensue from the sulphate of 
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lime turning insoluble. There is also the serious loss of heat in the 
blow down water as it goes out at the same temperature as the boiler. 
With the surface condenser the feed is also hotter and so less fuel is 
required to turn it into steam again. / 



134. ALTERNATIVE SETTING.— Wherein does the Jet con- 
denser appear to less advantage than the surface form. 
> Has the Jet any advantage ? If so, ivhat is it ? 

Ans, — (To what is given add) — The Qnly advantage the jet type of 
condenser has is that the steam directly meeting the cooling water is 
condensed in a quicker and more thorough manner, and so we can 
sponer attain the desired vacuum. 



135. What is the construction of a surface condenser ? Of 
ivhat are its tubes made ? Ho-w are they fixed ? Hotiv 
are they kept t^ht? What is done with a split tube? 

* ^^^x.— Surface condensers are either ; cast iron chambers formed 
together with the engine columns, or else they are made independent 
of the 'engines, in which case they consist^ of wrought iron plates worked 
to form a large diameter cylinder and having cast iron dish-like ends 
or doors. With either form at each end are fitted brass tube plates 
and generally at least one brass bearer plate is fitted in the centre of 
condenser. The brass tubes are put through holes in all these plates 
and the ends' kept tight either by wood ferrules or by cotton packing 
and glands. The door at the /entrance end is formed dish-like and 
has a division plate half way up it, in order to compel the circulating 
water as it comes into the lower half of the door, to traverse the bottom 
nest of tubes ; then as the other door has no division plate to it^ 
the water can pass up and return by the top nest of tubes to the upper 
part of the door from whence it goes away overboard at a much higher 
temperature than what it came in at. It is now the usual practice to- 
send the water through the tubes and let the steam be on their outside. 
The doors at each end, besides guiding the passage of the water, allow 
tube ends to be inspected and packed, also new tubes inserted when 
required. 

A split tube can be temporarily repaired by driving in at each end 
plugs of soft wood which swell with the water, but the tube should be 
renewed as soon as possible. 
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136. Where do surflace condensers foul? How are they 
cleaned? 

Ans, — Surface condensers foul both inside and outside the tubes, 
the latter due to oil and grease passing out from the cylinders, with the 
•exhaust steam and on the inside due to sand, etc., present in the 
circulating water, and this trouble is made much worse by mud and 
"the -like when navigating shallow channels. To clean the (^utside of 
tubes, fill the condenser with fresh water, put therein a fair amount of 
a strong solution of caustic soda and by means of a steam jet let into 
condenser boil all this water for some hours and the grease will be 
removed. Afterwards run the liquor into the bilges and wash. con- 
denser out thoroughly before closing up ready for starting. For 
cleaning the insides of tubes a small wire scratch brush and a hose of 
high pressure water are as good as anything, but care must be taken 
not to dislodge any of the tubes 

136. ALTERNATIVE SETTING.— Is it an advantage to send 
exhaust steam through a filter before it enters con- 
denser ? Why should condenser tubiBs get a scale upon 
their inner surfaces? What care must be exercised 
when removing this scale ? 

Ans. — As the grease or oil in the exhaust steam causes condenser 
tubes to foul it would certainly be an advantage to send the steam 
through some cleansing process, although there is the risk that this 
might increase the back pressure. As sea water contains a large 
percentage of sulphate of lime, as well as magnesic matter, it follows 
that sucK will deposit as scale upon the tubes if the temperature 
becomes anyway high, therefore on this point alone see the condenser 
never gets " hot." When using scrapers to remove this scale, be careful 
a tube is not pushed through and out of its stuffing box. 

187. What non-conducting substances are employed to 
prevent radiation, and hew are they applied? 

-4«x.— Steam pipes are usually covered with asbestos rope wound 
round and round, or asbestos blankets, these being put on in sections 
and held in place by steel bands. Boilers are also covered with these 
blankets, or more properly mattresses, but very often on older boilers 
asbestos or other cement4s used. This is liable to crack and crumble off. 
Cylinders are fitted with either wood lagging over a thin covering of 
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hair felt, or else a thicker layer of the felt is used and covered with 
Russian iron sheet, held in place by bands screwed to the cylinder^ 
flanges, etc. 

188. In the constmction of smoke-box doors and of 6ry 
uptakes, what provision is made to lessen the amount 
of radiation ? 

Ans, — ^The smoke-box doors and upper part of a dry uptake are 
fitted with what is called an air casing, consisting of a light sheet of 
mild steel held about 3 to 4 inches off the door, etc., by means of a 
long bojt and a thimble or distance piece. The heat, as it comes 
through the door, etc., warms the air in this space and thus an upward 
current is induced preventing so much heat passing out to the stoke- 
hold direct- 
ISO. Ho-w can the formation of black smoke be prevented? 
Describe smoke preventing^ apparatus ? 

« 

Am.^-As the principal cause for black smoke is an insufficiency of 
air, the remedy is, to admit just the correct amount which can be 
best brought about, by having the fires even and not too thick, and 
nicely cleaned ; also, the spaces between the bars free from cinder and 
ash. When putting on the "green" coal do so at the front end of 
furnace rather than to the back, as by so doing the gases which pass 
off as soon as combuistion starts go over the already glowing mass 
towards the bridge, and thus burn in their proper place. 

Whilst it is not to be recommended, yet at times it is necessary to 
open a small door (the pigeon hole) fitted in the plate below the bridge 
and so allow air to pass into the combustion chamber, and which, while 
reducing smoke, may give rise to leaky back ends- or even cracked tube 
plates. 

180, ALTERNATIVES SETTINQ.— Does oil fuel cause as much, 
smoke as coal? What forms or colours does oil fUel 
smoke take ? Why is this ? 

Ans, — Oil fuel causes at times even denser volumes of black smoke 
than does coal, and is caused by the same fault, viz., too little air, 
or th6 pressure or temperaturet of the oil not . being high enough for 
more perfect, combustion. On.lhe other hand, if the air supply be in 
excess^ , .then with oil fuel a whitish grey smoke is. formed which may 
begone, as, lacge in volume as the black, if the air be very much increased- 
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140. Wlmt is meant by " circulation " in a boiler, and what ore 
t^e results of defective olroulatlon ? 
Ans. — By circulation is meant the rising of the water as it becomes 
heated, and thus lighter, from the furnaces, combustion chambers and 
small tubes, and the colder water sitlkiiig to take its place and become 
heated in turn. This action going on continually sets up what are 
called the "convection currents," land if their free circulation is impeded 
it results in the boiler being stiff for steam accompanied by more or 
Jess severe priming, and being very liable to heavy corrosion on the 
bottom parts of furnaces and combustion chambers due to the water 
lying there very stagnant and becoming dense. 

140. AI/nmHATITH SBTTINa.— What do we call the process 

of trater rising In a holler as It becomes heated and the 
colder water sinklns? If this process Is Interfered 
'With 'What results ? 

Jlns. — (That already given will do). 

141. What means ar6 sometimes adopted to improve tjie 

circulation in a boiler ? 

AfU. — With a main boiler a special fittii^ known as Weir's " Hydro- ' 
Jcineter " (see fig. 58) can be used, which being fitted to the shell of 
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the boiler impels a stream of water to be sent from the bottom 
up amongst the heating surfaces, the hydrokineter using donkey 
boiler steam at first, but afterwards its own boiler supplies this. 
Another method is to withdraw a vertical row or two of the small 
tubes in each box and plugging the holes in the tube plates. This 
is needed if the boiler has been overtubed, thus choking the 
spaces the convection currents should have risen in. The easiest, 
and at the same time one of the best methods, is to send the feed 
in as hot as possible by delivering it through a heater after it leaves 
the feed pump. 



' 



141. ALTERNATIVE SETTINQ.— Describe the principle upon: 
"^hich a hydrokineter used to improve boiler circula- 
tion vT-orks. Is there any other boiler adjunct workingr 
on the same lines ? 

Ans, — The principle upon which the hydrokineter works is that 
of utilising the high velocity of a steam jet to impart sufficient 
force to the surrounding water as will enable a current to be 
produced round the bottom of the boiler. This it does by con- 
densing on meeting the water, and whilst this latter does not get 
all the velocity of the steam, yet sufficient is utilised to produce a 
vigorous current. Tfiis is the principle upon which an injector for 
boiler feeding works. 



142. By vrhaX arrangement is the circidation promoted in a. 
" hay stack ** boiler ? 

Arts, — The circulation in a hay stack boiler is promoted through 
two factors. First, the small tubes are here water tubes and 
arranged vertically, connecting what is called the "pan" to the 
combustion chamber top; thus the water heated in the "pan,'' 
which is directly over the four furnaces, at once passes up the 
vertical tubes and so to the water space above the combustion 
chamber, and, secondly, "pockets or circulating passages are built 
at the outside of the boiler, and being open thereto at the top 
and bottom they act as downcomers, the water passing down the 
cooler exterior part and rising through the heated portion next 
combustion chamber (fig. 59). 
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Fig. 59. 



143. What is the construction of a feed escape valve; to 
what is its discharge connected, and how is its loading 
regulated ? Where should the escaping water flow ? 

Ans, — A feed escape valve consists of a small brass valve fitted 
between the feed suction and delivery valves. It is kept to its seat by 
a spring whose compression is brought about by a plate resting upon 
the spring and also passing over two long screwed pillars. Nuts upon 
these control the compression of- the spring, and thus the pressure at 
which the relief valve shall open is regulated. This is ' often about 
10 per ceQt more thap the boiler pressure, though usually the spring is 
simply compressed sufficiently to keep the valve shut against each 
normal discharge from the pump. Th^ escape from the valve leads 
generally to the bilges, though nowadays it is often returned to the 

hotwell. 

The object of a relief valve is to open and so relieve any undue 
orQSSure in the pump chamber or feed pipes caused by a valve sticking 
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or some other nip of the water. When the excess pressure is removed 
the spring forces the relief valve back on to its seat 




Fig. 6o. 

143. AliTBRNATIVB SETTING. - If a feed escape valve 

requires a greater load how do you obtain it? Where 
is such a valve placed? Would it not do on the feed 
pipe ? Do you lose the water that escapes when this 
valve opens? 

Ans, — (That already given will do). 

144. Describe a ship's side air pump discharge valve. In 

what respects does it sometimes differ f^om a common 
stop valve, and what attention does it require? 

-4«j.— An air pump discharge valve is of somewhat similar make to 
a stop valve, except that it is not screw controlled, but has either a 
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weight or a spring to keep, the valVe against its seat It consists of a 
brass valve and seat contained in a cast iron chamber, fitted with a 
spigot for passing through the plate and bolted to the ship's side. 
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Fig. 6i. 



usually above the load water level. This is necessary so that no water 
can leak back through valye and so to the hotwell. Care must be 
taken to see that this valve is free to lift before starting the engines. 
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145. When there is no feed escape valve vrhoX is the 
arrangement of the feed valves or cocks ? 

Ans. — If there is no relief valve the check itself must be such as to 
eliminate any chance of its being closed tight when engines are started, 
ie.y it must be unadjustable, and in place of a. screwed spindle to 
regulate the lift of. check valve, the Cover is cast with a solid stopper of 
such a depth as will allow the valve to lift J of its diameter, but will 




Fig. 62, 



entirely prevent any accidental shutting down of the valve. The feed 
supply must in such cases be regulated either at the special cock on 
the hotwell or by means of the feed suction and delivery valves 
themselves. 



145. ALTERNATIVE SETTINa.— If there is no feed escape 
valve and the usual form of acrevr doivn check is fitted 
what mi£rht easily happen? What is done to prevent 
this trouble ? 

Ans. — If the feed check should be screwed tight down when 
the pump is started either the barrel or feed pipe will burst owing to 
water being practically incompressible, the descending pump ram 
rapidly rises the pressure to the danger point. (For the other question, 
answer already given will do.) 



mm 



brown's elementary questions and answers 113 

146. What is the measure of a horse jpovrer? How is 
. indicated horse power ascertained? 

^ns, — By the ^rm "horse power" must nof be understood the 
amount 6f power one horse could exert, but it is a standard set up by 
James Watt whereby outputs of various engines can be measured and 
compared. It consists of 33,000 foot lbs. of work done in i minute, 
thu5^ a weight of 33,000 lbs. raised; i foot in i minute gives i horse- 
power, or 16,500 lbs. raised 4 feet in 2 minutes would give i horse power 
also, and any product of feet height (or feet moved) x lbs. so moved 
and in the time of i minute gives the horse power. For indicated 
horse power (or I.H.P.) we must find the average mean effective 
pressure per square inch of piston area, and, obtained by means of 
an indicator diagram, multiply this by twice the stroke in feet of the 
engine, and also by fhe revolutions per minute and by the area of 
piston in square inches, and all this divide by the constant 33,000, or 
area in sq. ins, x 2 x stroke in ft. x revs, per min. x mean effective pressure 

33,000 
= I.H.P. 

146. ALTERNATIVE SETTING.— What other horse power 
have we than "indicated" and "nominal?" Describe 
how it is fotmd. 

V 

Ans,-— 'The third measure is that used with turbines, and called shaft 
horse power. Turbines cannot fae indicated like a reciprocator, and so 
resource is had to estimating the power from the torsion (torque) on the 
shaft. It is found by ascertaining the degrees of the torsion angle upon 
the particular shaft and putting this value into a^ special formula, on 
solving which the shaft horse power is given, and is found to be usually 
about 9o7o of what the indicated horse power would be. (This latter 
is based on applying the formula to a reciproanting engine). 



147. Has "nominal horse power a fixed meaning? What 
is the use of this expression? What is generally 
taken as the measure of one horse power nominal ? 
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Ans. — Nominal horse power has no real or fixed meaning and about 
its only use is to register a steamer's engines by. The nominal horse 
power is generally based upon taking the sum of the squares of the 
respective cylinder diameters, and dividing by a certain constant, which for 
two-stage compounds is from 28 to 32 (36 as an average) and for a three- 
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stage, or triple compound, from 1 8 to 22. Thos^ two-stage compound 

dia« H.P. + dia-* LP. ^^ ^^ „ ^ dia.» H.P. + dia.« LP + dia.» KP^ 

=N.H.P., and ^ 

30 ' Say 21. 

-N.H.P. 



148.— What is ''back pressure" in a cylinder? About how 
niuch is it in each of the cylinders in your last 
steamer? Is eccessive cushioning ever - a trouble 
under certain conditions in modem steamers? Say 
"When and "why and in -which cylinder this occurs. 

Ans. — By back pressure is meant that pressure acting on the exhaust 
side of the piston and in opposition to the live steam and from which 
it detracts a certain amount of its useful effort. In the high pressure 
cylinder of a three-stage compound, it may vary from about 60 to 
75 lbs. gauge, in the intermediate pressure cylinder from about 4 to 
12 lbs. gauge, and in the low pressure from about 2 to 4 lbs. gross 
pressure depending upon th^ vacuum in the condenser. 

Excessive cushioning, which is at the same time excessive back 
pressure, is always a trouble or loss and tends to check the engine 
unduly as it turns the top and bottom centres and will be especially 
noticeable when the engines are moving slowly. It is often caused by 
an undue amount of "linking up." Excessive back pressure will , be 
most felt upon the low pressure engine because a rise of, say, i lb. on 
that piston produces much greater effects on account of its large 
diameter than does i lb. more on the intermediate pressure or high 
pressure. Excessive cushioning due to linking up on the high pressure 
engine also causes trouble, as it means a less supply of steam to work 
through the zuAo/e engine, and thus its collective horse power falls off. ^ 



149. What is meant by speed of piston ? About how much 
is the speed of piston in modem marine eng^ines ? 

Ans. — By speed of piston is meant the number of feet it passes ovef 
in one minute and is found from multiplying together twice the stroke 
in feet by the revolutions per minute. Its amount varies very much, 
being practically different for every engine, but from about 500 to 
900. feet per minute may be taken. Thus stroke 4 feet 9 inches, 
revolutions 82 per minute, would give 475' x 2 x 82 = 779 feet piston 
speed. 
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150. What is atmospheric pressure? What is its averasre 
amount? What instrument tells this amount? 

Am. — The air surrounding this- ^rld exerts a pressure upon all 
matter and this is what is called *' attnospheric pressure,'* and in 
amount is 1475 ^^s. per square inch (usually taken in round figures as 
15 lbs.) An instrument called a "barometer," from the Greek words ' 
i^aros (weight) and metron (measure), is used to estimate the pressure, 
or weight of the atmosphere, above the point of no pressure, />., a 
perfect vacuum. 



150. ALTERNATIVE SETTING.— Has the atmosphere any 
weifiTht; in other -words, is it capable of exerting 
pressure ? If it does is it always the same amount ? 

Ans, — (To what is already given a,dd) — The pressure is always 
-varying a little due to such as air currents, moisture and temperature, 
and it ranges from about 14 lbs. to 15^ lbs. per square inch. 



151. What is ''gross pressure" or ''absolute pressure? 
What pressure is it that is shown by the steam 
gauge? 

Ans,—(jXQ%'& pressure is the pressure as shown by a steam gauge 
-added to that of the atmosphere, or gross pressure «=gatige pressure + 
15 lbs. The pressure indicated by a pressure gauge is called the 
" gauge " pressure and is the gross pressure minus 15 lbs. 



152. What is meant by "putting off" steam? How is it 
done? What part of the valve regulates the put off ? 

Ans. — By "cutting off" steam is meant that the steam edge of the 
^lide valve, at either top or bottom port, has come up to the steam 
•edge of that port and entirely closed it to live steam admission and so 
the remainder of the piston stroke must be completed by the expansion 
-of the steam previously admitted. In an ordinary valve the steam lap 
-controls the time of cut off, and speaking generally it is the depth of 
the face of the slide which governs this important operation. 

Note by Author. — Candidates should at this point consult Messr^. 
Brown's Slide Valves for Engineers^ as it contains a great deal of useful 
explanatory matter relating to elementary questions Nos. 152 to 159. 
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152. ALTERNATIVE SETTING.— What do we call tli0 meet- 
ing of the steam ed^^es of valve and port? If a valve 
lacks steam lap will there still be this meeting ? 

Ans. — When the two edges meet it is called the "cut off" of the 
steam, and if a valve has steam lap it will occur earlier than where the 
valve has no such lap, but even in this latter case the cut off will take 
place only now at the end of each stroke. 



15S. What is a piston slide valve ? Describe its construction. 
Why are they frequently employed in place of the 
common slide valve? Have they any disadvantages 
compared with a common slide valve? If so, name 
them. 




Fig. 63. 

* 

Ans, — A piston slide valve consists of two pistons mounted upon a 
long sleeve piece through which passes the valve spindle, the two pistons 



/ 
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being secured in place by caps and nuts upon the spindle itself. 
The pistons work in a cylindrical cTiamber which is a part /of 
the steam chest and having ports diagonally shaped right round the 
upper and lower parts of this circular ichambet.. These ports ail lead 
into the respective upper and lower steam passages to the cylinder and 
the steam is cut off by the circular ring of either " piston " closing the 
series of ports, exactly as does the ordinary flat type of slide valve close 
its one large port Usually steam is admitted between the two pistons^ 
the upper of which is generally a trifle larger than the bottom one, and 
thus the valve tends to " float " and only exhaust temperature, steam 
comes on the spindle packing, which therefore lasts better. Also with 
these vMves there is a greatly reduced friction, as the pressure of the 
entering steam is all round them. About' their only drawback is 
sometimes a difficulty to keep the two pistons steamtight, but as very 
often the pistons are made in the form of spring rings, they can be set 
out and carefully adjusted and so avbid undue loss. 

Such as steam lalp and lead are made exactly the same as for a flat 
valve, but the position of the sheaves on the shaft is, if steam be 
admitted in the centre of valve, exactly opposite what it is for outside 
admission. 



153. ALTBRNATIVB SETTING.— How are piston slide valves 
kept steaxu tight? Are both pistons the same size? 
If the steam chest ports vrere formed vertically ivhat 
would result? 

P 

Arts, — Piston valves are usually kept tight by means of spring pack- 
ing rings, which may or may not be fitted with restraining rings to limit 
the amount they can open. Occasionally one finds each piston being 
made solid and having a series of -grooves turned on its periphery, which 
grooves soon retaih water of condensation, and this makes them tight. 
Usually the upper piston is slightly larger in diameter than the lower 
one, and this tends to " float " the valve and gear. If the ports have 
vertical bars instead of diagonal ones, a series of grooves will soon be 
worn in the packing rings and tend to destroy their steam tightness. 

154. What fixes the time of closing the exhaust? After the 
exhaust is closed and before the port opens for steam, 
what becomes of the steam that is in the cylinder? 

Ans. — The time of exhausting depends upon the particular setting 
of the sheave, due to the amount of lap and lead, and it is also 
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governed by whether the valve has exhaust lap or not. As soon as the 
exhaust is closed, the steam remaining in the cylinder is compressed by 
the still advancing piston and thus a cushion is formed, which brings 
the reciprocating masses quietly to rest at the end of each stroke. 



155. What is the "lead" of the valve? What is its object? 
About what amount is it? 

Ans, — **Lead" is the amount either port is open to live steam 
admission, when the piston is upon the top or bottom centre. The 
object of this pre-opening or lead is to admit a little live steam to assist 
-cushioning and also to ensure a full pressure ready to start the return 



^TBAM. 




TOP PORT OPEN FOA LEAD 
FjG. 64. 



stroke. Leads vary a great deal in their amount, being more at the 
bottom port than the top, but average leads may be taken as from ^ 
inch at top port of high pressure engine and \ inch at its bottom port, 
up to \ inch top of low pressure engine to as much as f inch or even 
more at the bottom port of this engine. The heavier the engine parts 
the firreater the lead. 
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165. ALTERNATIVE SETTING. —Wliat may excessive lead 
produce ? What kind of engine requires very little* and 
which needs a large amount ? 

Ans, — If the lead is excessive it acts as a too powerful brake upon 
the engine, slowing it unduly as each centre is approached, and should 
the engine be moving slowly it may not be able to pass actually over 
the ceptre. Quick revolution engines of light parts need only a little 
lead, but quick running ones with very heavy parts require a good deal. 



156. What is the " cover " or " lap - of the valve ? What is its 
object? About ivhat proportion of the stroke of the 
valve is it? 

Ans, — The cover or steam lap is the amount the steam' edge of 
valve overlaps, or is beyond, the steam edge of steam port, when the 
valve itself is in its mid-position* The object of it is to cut the steam 
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Fig. 65. 

off at a part of the engine's stroke before the termination, and thus 
allow the remainder of the stroke to be completed by the expansion of 
the steam already in the cylinder. This keeps throughout the engine 
the economy due to making and using high pressure steam. To cut 



I20 



brown's elementary qIuestions and answers 



off at about half stroke, the lap will be approximately about J of the 
travel of the valve. 




VALVE JU^T OPt //mc TOP PQ/KT 

lojwa_£MAM3T 

Fig. 66. 



157. What is the << exhaust cover" of a slide valve? What 
is its effect upon the exhaust and upon cushioning ? 

Ans. — The exhaust lap or "exhaust cpver" is the amount the 
exhaust edges of the valve overlap the exhaust edges of the steam ports 
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Fig. 67. 
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or cover the exhaust bars, when the valve is in its mid-position. Its 
effect upon the exha;ust is to make the opening to this later and the 
closing sooner, hence the eff(^ct on the cushioning is to increase this. 



157. ALTEilNATIVE SETTING.— Wliat else alters the time 
of exhaust besides the eschaiLst lap ? 

Ans. — The position of the sheave. If this is put forward the exhaust 
opens and closes earlier and cushioning is increased, ^ whereas if the ^ 
sheave is put back the opposite takes place. 

158. What is ''minus cover or *' minus lap on the exhaust? 

What is its effect upon the exhaust and upon cushioning ? 

' Ans. — "Minus lap," or what would be better called "exhaust lead," 
is the amount each steam port is opeti to the exhaust when the valve 




Fig. 68. 



is in its mid position. Its effect is. to open the exhaust sooner and to 
close it later, thus reducing the cushioning as a longer time is given- 
for the. steam to pass out from the cylinder and hence less remains 
behind. 
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158. ALTERNATIVE SETTINQ.— What do you linderstand 

hy "exhaust lead? 

Ans, — (That given will do.) 

159. What is *' cushioning" or *' compression " in a steam 

cylinder? How is it affected by the amoimt of cover 
or of minus cover there may be upon the exhaust? 
How is it affected by the exhaust pressure? 

Ans. — Cushioning or compression in a steam cylinder is due to the 
steam lap of the valve keeping the port shut to the exhaust whilst 
the piston is nearing the end of its stroke, it having closed the exhaust 
a short distance from that end. By so doing, the steam imprisoned is 
brought down to only the clearance volume, and hence its pressure 
is a good deal higher than was the case at the instant the exhaust 
closed. This makes the cushion for the reciprocating parts to come 
quietly to rest with, and the greater the steam lap the more cushioning. 

Exhaust lap on the valve increases cushioning, as then the exhaust 
closes earlier than wheli no such lap exists, and conversely, minus lap 
makes cushioning less as now the exhaust closes later. 

Strictly, "compression" starts as soon as the exhaust is shut and 
when the pressure on the back of piston is the same as that on the 
driving side, cushioning commences and goes on until the port opens 
for lead. 

159. ALTERNATIVE SETTING,— A cushioning: curve on a 
dia^am is divisible into two parts ; state what they 
are. Is there any difference between ''compression" 
and " cushionin£r" ? 

Ans, — (That already given will do.) 

« 
}60. What is " mean effective pressure " ? How is its amount 
ascertained? 

j^fts, — By the term mean effective pressure is meant the average 
pressure which is actually driving the piston throughout one stroke. 
The only practical method of obtaining its amount is to take an 
indicator diagram and divide it into lo equal parts by means of vertical 
lines. Then with a scale of equal parts and of the same value as that 
of the spring used and which must be given with the diagram {^j^, ^\j.^ 
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xV, etc) measure at the centre of each of these divisions the breadth 
of the card, that is between its forward and back pressure lines. Add 
the lo m^surements so found together and divide their sum by lo, 
the result is the mean effective pressure of that card. If there are cards 
from the up and down strokes do as' before for both of them, and 
add the separate mean effective pressures together, finally dividing that 
sum by 2 and so obtaining the mean effective pressure for the 
complete revolution. 

160. ALTERNATIVE SETTING. — Is there any difference 
bet^^een mean pressure and mean effective pressure ? 
If so, state vrhat it is ? ' 

Ans. — Yes, there is a differeijce. By " mean " pressure is simply 
meant the average or mean of the pressures at various points on the 
stroke upon the driving side, and it takes no account of the back pressure. 
Mean elective pressure does, however, allow for this, and is the mean 
forward pressure minus the mean back pressure. 

161. What is a dial vacuum grange? What is its construc- 

tion? For -^hat is it used? About Tvhat amount 
should it show when the engine is working all right? 
What effect have the variations it indicates on the 
performance of the engine ? 

Ans. — A dial vacuum gauge is an instrument to register the 
intensity of vacuum in the condenser, or, in other words, to show how 
much of the atmospheric pressure has been destroyed. Its construction 
is as follows : — A thin elliptical section tube is bent to form almost a 
complete circle, and one end is attached to the pipe at the bottom ot 
the gauge leading to condenser. The other end of the elliptical tube 
is closed and connected by links to gearing which actuates the pointer, 
and as the vacuum inside the tube becomes greater the atmosphere 
outside curls the tube round more and more and this mpvement is 
transmitted to the pointer, which turns to a fresh position on the dial. 

When the engines are in fair working condition and the circulating 
water is not too warm, the vacuum shown by this gauge should be from 
56 inches to 27 inches, showing that from 13 to 13^ lbs. of the 
atmospheric pressure have been destroyed. If the vacuum varies, then 
for each inch drop there will be a rise in the absolute pressure of \ lb., 
and as we are working below the atmosphere this means \ lb. less 
towards driving the engine. 
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162. Does the vacuum gauge enable you to tell "what pressure 
there is in the condenser, or must you have recourse 
to the barometer to arrive at that? Ho-w would you 
ascertain the aciual amoimt of back pressuref there is^ 
in the condenser ? 

Ans, — From the vacuum gauge aione we cannot tell how much 
pressure there is in the condenser, and we must consult the barometer. 
The difference between the reading of this latter instrument and that 
of the vacuum gauge enables us to find the; actual pressure existing in 
the condenser. Thus suppose barometer to be at 29*8 inches and the 
gauge to show 25*6 inches vacuum, then 29*8 inches - 25*6 inches = 4*2 

inches, and as each inch means | lb. pressure there will be — = 2*1 lbs. 
absolute in the condenser. 



163. What is a barometer? What is its construction? Is a 
barometer sometimes used instead of a vacuum gauge ? 
In -what respect does the weather barometer differ froxh 
the vacuum gauge barometer? 

Ans, — A barometer is an instrument for showing the pressure, and 
variations in the pressure, of the atmosphere. It consists of a glass 
tube about 33 inches long, sealed at the top end, but open at the 
lower. This tube is inverted and carefully filled with mercury, allowing . 
all the air to be driven out, by holding the tube slanting whilst filling 
it. Then place a finger over the open end and invert ^he whole into 
a cup of mercury, remove the finger and the mercury in the tube will 
drop to about 30 inches. The tube should be about \ inch or f inch 
in diameter, and as the atmosphere presses upon the mercury in the 
cup, and an almost perfect vacuum exists between the top of tube and 
mercury therein, it follows that as the-atmospheric pressure gets greater 
the mercury is forced higher up the tube, and vice wrsa. To show 
these variations a scale of equal parts is placed alongside the upper 
part of tube, and, being graded to show inches and decimals, we note 
where the level of the mercury has risen to and against that place we 
read off the inches, etc., from the scale. There are slight variations in 
detail in some forms of mercurial barometers but the above is the 
principle of alL 

The barometer is occasionally used in connection with condensers 
on land for ascertaining the vacuum, and it is carried out by leaving 
the upper end of the tube open and connecting it with the vacuous 
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space in the condenser. The height the mercury now rises lo shows 
the amount of the atmospheric pressure destroyed, that i^ the t 



in the condenser. The principal difference, therefore, between the- 
vacuuni gauge barometer and. the weather barometer is that the top- 
end of tube is open with the former and closed in the latter. 

164. The commott vaounm gauge and the common steam, 
gauge. In ^7hioh of t^ent are the graduations marked 
Item l^e atmospheric pressure? Does either of them 
tell "What Is the true actual pressure In the b611er or 
the condenser 7 

Ans. — Both steam and vacuum gauges are graded from atmospheric 
pressure, the former marked in lbs. aim/e the atmosphere, the latter in 
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either inches or lbs. below. Neither steam nor vacuum gauge indicates 
' the, real pressure existing in boiler or condenser, and to obtain this it 
is necessary to add 15 lbs. to the gauge reading pf the steam one and 
so get the absolute or gross boiler pressure, and the difference between 
the readings of the weather barometer and the vacujum gauge gives the 
actual pressure in the condenser. 

164. ALTSSRNATIVE SETTING.^In g^rading presdtire and 

vacutun gauged do "^e start at the zero of pressure ? 
If not, -where firom? How is the true pressure 
ascertained? 

Ans, — (That already given will do). 

165. Do' steam and vacuum gauges vary with the variations 

of the -weather barometer ? Whbn the weather baro- 
meter varies from 29 to 81, ho-w much will the vacuum 
gauge vary, and how will that affect tlie working of 
the engine? Why? 

Am* — Both steam and vacuum gauges show variation dependent 
upon the height of the weather barometer, thus if the barometer be at 

say, 29 inches and the steam gauge showed 175 lbs., then the gross 

29 
pressure would be 175 + — «=» 189*5 l^s. If, now, the barometer rises 

to 31 inches, then owing to the higher atmospheric pressure the boiler 
would not generate the steam as high as 175 lbs., it being, in fact, only 
174 lbs., as the atmospheric pressure is i lb. more, but the gross 

pressure of the steam is the same as before, or 174 + — = 189 "5 lbs. 

The effect upon the vacuum gauge by a rise in the barometer from 29 
inches to 31 inches (/>., i lb.) will be to show 2 inches more vacuum 
because the greater atmospheric pressure can force the mercury column 
higher for a given degree of exhaustion above the top of the column. 
Or with the usual type of vacuum gauge the greater external pressure 
will collapse the tube still further, and so give a greater reading on the 

dial. 

The working of the engine will not be affected by this, because 
whilst the back pressure line of the low pressure indicator card comes 
lower, in order to show the greater working vacuum, still the gauge 
pressure on the low pressure is also down by the same amount (i lb.) 
and the engine runs as before. 
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166. Vacuum is generally stated as so many inches. What 
is meant by, say, 20 inches vacuiun ? What does that 
tell us about the absolute pressure of the vapour then 
in the condenser ? ^ 

Ans. — Vacuum is psually stated in inches because it is the custom to 
gradiJate and read off the weather barometer in that fashion, and though 
the latter denotes pressure existing and the former the amount of 
pressure destroyed, yet custom has dictated that both be expressed in 
the same unit owing to the old vacuum gauges having been mercurial 
columns. By 20 inches of vacuum is meant really that a pressure 
corresponding to 20 inches out of the average 30 inches of the 

barometric equivalent to the 15 lbs. has been destroyed, hence every 

20 
2 inches of barometric height equals I'lb. and so — =10 lbs. of the 

atmospheric pressure is abs^t, hence 15 Ib^. - 10 lbs. gives 5 lbs. as 
the actual pressure then in the condenser. 



167. From what depth will a pump draw water? Is there 
any limit? Why? 

Ans. — The depth a pump will draw water practi9ally is only about 
26 to 28 feet, as it depends upon the, degree of vacuum the pump can 
make, the pressure of the atmosphere and the specific gravity of the 
liquid to lift and as about the best vacuum a so-called suction pump 

can produce^ is 25 inches, we have -^=12*5 lbs. of the atmosphere is 

destroyed. As a column of fresh water of 34 feet height balances 
the perfect vacuum of 15 lbs. or 30 inches, we have 15 : 12*5 : : 34 feet 
= 28*3 feet as about the maximum a pump can lift water. The limit is 
therefore really the quality of the vacuum in the pump. Hot water 
will not lift as high as cold, because the vapour rising from it tends to 
destroy the vacuum, ^ , '^ 



167, ALTERNATIVE SETTING— Will a pump ^raw from a 
depth of 40 feet? Explain why the particular limit 
cannot be exceeded, and say what that limit of depth 
is in feet. 

Afis. — (That already given will do). 
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168. What is vaouiun? Can vaouiizn move a piston ? When 
the temperature of the water in the condenser is 212* 
Fahrenheit, what is the greatest degree, of vacuiun 
there can then be in the condenser ? 

Ans. — ^Vacuum is a closed space entirely void of any pressure. A 
perfect vacuum is a theoretical state and never exists absolutely, 
though in some scientific instruments it has been almost attained. 
Vacuum itself cannot move a piston, Imt by virtue of there being a 
vacuum on one side of this and, say, the atmospheric or any other 
pressure upon the opposite side, then a piston will move in the direc- 
tion of the vacuous side. 

If the water in condenser reached 212** F. there would be no 
vacuum, because water boils at this temperature under atmospheric 

pressure, and supposing there had been a vacuum in the condenser 

25 
hitherto of, say, 25 inches, or an absolute pressure of 15 lbs. -"r " 

2*5 lbs., we know that water boils when under this pressure at a 
temperature of about 128* F. and so the condenser would fill with 
steam vapour under a pressure, long before 212* F. was reached. 



16& ALTERNATIVE SETTING.-What name is given to a 
space wherein no pressure exists? Is it any use 
forming a space in "which the pressure is considerably 
Icwer than the atmosphere ? 

Ans. — (That already given will do). 

169. What is a thermometer? What is its construction? 
What is the property of matter that is the principle 
of its construction ? What temperatures are regularly 
noted by careful engineers ? 

Ans, — A thermometer is an instrument of glass for indicating the 
sensible heat or temperature of a body. This it does by being brought 
into contact with the mass whose temperature we wish to ascertain. 
In construction a thermometer is a glass tube usually of about ^incb to 
j^-inch diameter, and having a bore of about -^xs ^^^ ^^ ^^^ through it^ 
formed with a bulb at the bottom for the mercury or alcohol 
to be in, as well as a short way up the tube. The upper end 
of the tube is sealed and a nearly perfect vacuum exists in this 
upper portion. On bringing the tube near a source of heat, both 

F 
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glass and mercury (or alcohol) expand, the two latter more than does 
the glass and thus a certain amount of the fiuid in the bulb becomes 
forced up the veiy fine bore and the height to which it will rise depends 
Upon the difference in the expansions of the glass and the fluid itself. 
The higher the temperature of the body, the higher the fluid rises and 

f: c. a. 



Fig. 71. 

the tube, etc, being mounted on a wood or iron back, graduated in 
degrees of temperature, we can read off on this scale at the height the 
fluid rises to, what the temperature is at that moment The need for a 
relatively large bulb containing the mercury, and the very fine bore of 
the tube opening into the bulb, is that the trifling actual expansion 



brown's elementary questions and answers 131 

of the bulb full of mercury may make a noticeable rise in the 
thermometer column and vice versa^ as its principle is the one 
of expansion by heat and contraction by cold. Thermometers 
are graded by immersing in melting ice and the level the mercury 
shrinks to being marked 32* R, o' C, and o' R., and to get the 
boiling points, it is immersed in boiling water under the atmospheric 
pressure and the height the mercury rises to being marked 212' R; 
100* C, or 80° R., and the space between the above freezing and 
boiling points is divided into 180 equal degrees for R, 100' for C, or 
80* for R., where F. stands for Fahrenheit, C. for Centigrade (or 
Celsius) and R. for Reaumur. • 

A good engineer notes always the temperatures of the following, 
viz. : — Sea inlet to condenser (about 50' to 60*), the discharge water 
(about 100* to no') and the feed temperature. 

170. What is the temperature of (1) melting: ice ; (2) boiling 

"water ; (3) steam about 60 lbs. pressure by the steam 
gauge ; (4) steam about 100 lbs. ; (5) steam about 150 
lbs. ; (6) smoke in the funnel ; (7) water in the hotwell. 

Ans, — Melting ice has a temp, of - - - 32" F. o*C. 

Boiling fresh water „ (under atmos. press.) 212** F. 100' C. 

Steam 60 lbs. gauge press - - - 307 '5' F. 153° C. 

„ 100 lbs. „ - . . 338* F. 170* C. 

„ 150 lbs. „ ... 366-5' R 186' C 

Smoke in funnel, from 600" to 700** F., 

(best about). . - . _ 630' F. 332* C. 
Water in hotwell, from no' to 140' F., 

(best about). - . - . 120'' F. 48*9'' C. 

Note by Author, — The centigrade temperatures need not be given 
by candidates unless they are definitely asked for. The rule for 
conversion of F. into C. should, however, be remembered by all, it is 

c=4(r-32). 

171. What is meant by the "conduction" of heat? Give 

examples of it in the boiler and in the engine. 

Ans* — Conduction is the carrying, conveying or conducting of heat 
along or through metals, such as a rod of iron inserted at one end in a 
fire becomes hot at the other end by the heat being carried through 
the particles of the bar itself. In a boiler the heat of the furnace is 
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" conducted " through the furnace tube to the water side and so to the 
water. Also the heat inside the boiler is conducted through the 
shell plates to the outside. In the engines the heat inside the steam 
pipes or the cylinders passes by conduction through the copper, 
wrought iron, or cast iron and so away to the surrounding air. 

172. What is meant by the <* convection" of heat? Give 
examples of it in the boiler and in the engine. 

Ans. — By convection is meant the carrying or transfer of heat from 
one place to another through a liquid or gaseous medium and in any 
direction, though principally vertically. In the boiler the water is 
heated more or less uniformly by "convection" currents which are 
formed originally by the gradual heating of the water and it thus, 
becoming lighter than the surrounding mass, rises and at the same 
time the colder water rushes in to be in turn warmed. Then as soon 
as steam in bubbles is formed, these rush upwards and so help the 
convection stream whicl\ soon attains a good velocity, and it is by this 
that the whole mass of water becomes hot and the steam passes to the 
steam space. In the engines the heat is eonvected or carried by the 
steam in the steam pipes and cylinders. 

178. What is meant by " radiation " of heat ? Qive examples 
of it in the boiler and in the engine. 

Ans. — By radiation of heat is meant the passing off in straight lines 
or in a radiant manner the heat from such as the fire in the furnace 
tube, or from the cylinders, boilers and in fact any hot body. The 
heat, after it has been radiated from the fuel, is conducted through the 
plates and eonvected through the water, warming the whole boiler which 
again radiates some of this heat to the atmosphere. Radiant heat is 
well typified by the heat from the smoke box in the stokehold. 

174. Which is convection, which is radiation, and which is 
conduction in the following cases:— (1) Heat from, tiie 
glowing fuel to the ftimace crown? (2) Heat passing 
from one side of the ftimace crown plate to the other ? 
(8) Heat passing from the steam pipes in the engine 
room ? (4) The heat of evaporation ? 

Ans, — The heat passing from the fuel as it burns is radiant heat 
and being received by the fire side of the crown is conducted through 
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this plate and warms the water on the water side, which then rises and 
flows to the water level, thus allowing the colder water to come in and 
be in turn heated. This action is called convection. The heat 
necessary for evaporation in the boiler is convection. 

175. What are the effective heating: surfaces of a marine 
boiler? 

Ans, — In a marine boiler there are several heating surfaces, some 
being more efficient than others. Coming first as the most ** effective " 
is any surface, horizontal or practically so, hence the upper half of the 
furnace tubes are the best, next in order are the plates of the combustion 
chamber, especially if it has a sloping back, but as a rule vertical 
surfaces are not at all good for free evaporation, but seeing the gases 
coinplete their combustion in this chamber, a good deal of the steam 
formed must be credited to it. Lastly, the small or smoke tubes are 
the poorest surfaces, as usually a large percentage of their internal area 
is covered by soot, which is one of the finest non-conductors of heat 
known, hence the desirability of always keeping these tubes as clean as 
ever possible. 

175. ALTERNATIVE SETTING.— Some heating surfaces in 

a boiler are better or more "effective" than others. 
State "^hich they are and "v^hy. 

Ans, — (That already given will do), 

176. What parts of a marine engine are exposed to danger 

when the temperature is belo-w freezing point ? 

Ans, — As water expands when it is on the point of freezing, any parts 
of the engine where water can remain without room for its expansion 
and become frozen are liable to be burst. The principal places, 
therefore, are small steam pipes, feed pipes, cylinders, condensers, 
feed, bilge, air and circulating pumps, together with such as ballast 
and bilge pumps and any of the pipes in connection with these. They 
should all be most efficiently drained, and a fire kept burning or other 
means taken to endeavour to prevent the temperature of the engine 
room dropping below 32" F. 

It must, of course, be borne in mind that the above really supposes 
the engines are going to be laid idle for some time, so that the engine 
room loses its natural warmth. 
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176. AIjTEIRNATIVXI SETTZNG.— Why should enfirine parts 

containing: water be liable to firactnre in very colcL 
-weather, and -what is ^e peculiar feature water 
possesses "which accounts for this? 

Ans, — (When answering draw attention to the expansion of water^ 
as it falls from 39*1* to 32* R, and if in a filled space how this expansion 
or swelling causes a burst.) 

177. What precautions are necessary in cold climates -when: 

the temperature is below freezing: point ? 

Ans, — This is practically answered in what was written to Q. 1 76^ 
but in addition there may be stated to keep, if steam be on the donkey 
boiler, the winches moving slowly, and also to get a steam heater or 
two into the engine room. By working the winches, the deck^ipes; 
are not so liable to freeze up, as anything like water, in motion does 
not freeze so quickly as the same water when quiet, but of course if the- 
deck pipes can be thoroughly drained of all water that is the best. 

178. State as many ways as you can by which a boiler might- 

not get its full feed. A boiler, or one of a set of boilers, 
l^ets short of -water although the feed valve is open its. 
proper amount, to what causes might this be due ? 

Ans, — The following are all possible causes as to why a boiler does, 
not get its correct feed. The air pump valves broken, and thus the 
right amount is not sent into hotwell, the feed valves may be broken 
or the escape valve stuck off its seat and thus allowing the feed to pass 
back to hotwell, or to the bilges. Through broken feed pipes or leaky 
joints on the same, or if there are two or more boilers all supplied off 
the same feed pipe, a check valve on one of them may be broken and 
so this obtains more than its share of the feed, and the others of 
course only a reduced amount. Or possibly the feed pump gland 
leaks badly, or there is a defect in the casting of the chest of this 
pump. 

179. Of "What are furnace bars generally made ? About -what 

thickness are they at the top? About -what space ia 
between them? Are the bars put further apart for^ 
Newcastle than for Welsh coal ? 

Am. — In the Mercantile Marine boilers, the fire bars are of cast 
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iron, but for Navy boilers steel is used. Cast iron bars are about f 
inch to I inch in thickness at the top and taper to about f inch or f 
inch at the bottom. They have distance pieces cast on them at both 
ends, and if long, in the middle of the length as well, of about ^ inch 
thick so that when two bars are laid side by side, a space of ^ inch 
•exists between them, for air to pass up through, and ashes to drop down 
to the ashpit. 

They should theoretically be placed a trifle wider apart for Welsh 
•coal as this requires a little more air than does Newcastle, but as the 
former is a more friable coal and easily breaks up, sometimes it is 
found necessary to bring the bars actually a trifle closer together. 



179. ALTERNATIVE SETTING.— About how much more air 
does Welsh coal require per lb. than Newcastle ? With 
natural draught how could you get this up to the fuel ? 
Is this done, and if not why not? 

Ans. — About 77, more air is needed for Welsh coal, although the 
actual amount varies a little with the particular composition of the coal, 
but being richer in carbon than Newcastle it needs more air. (Then 
follow on with what is already given.) 



180. Which bums faster, Newcastle coal or Welsh coal? 
Which is the flaming coal? Which makes more 
smoke ? 

Ans. — The Newcastle coal burns quicker than Welsh, and it is also 
a more flaming fuel and causes a good deal of smoke. With Welsh 
<coal the heat is much more local, hence it is therefore not such a 
flaming fuel and smoke is very much less. 

When burning Welsh coal one must be careful not to roughly use the 
fires, or a great amount of the fuel will find its way through the bars. 



181. About how many tons of steam coal will be burned per 
day in four furnaces each 3' O' wide, and of about the 
usual length ? On ^what grounds do you say so ? 

jifis, — Taking the average length of fire bars at 6 feet o inches, and 
on each square foot of grate there being consumed, say, 16 lbs. of coal 
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per hour, we have 4 furnaces x 3 feet x 6 feet x 16 lbs. x 24 hours 

27648 
= 27648 lbs. or ^^ ='i2'34 tons per day and from which a handy 

rule can be formed, which is, " the coal consumption in tons per day 
is at the rate of z ton per foot diameter of furnace," thus 4 furnaces x 3 
feet ■■12 tons. 

The grounds for stating as above are the average consumption of 
about 16 lbs. per hour per square foot of grate, and bars of 3 feet x 6 feet» 
and, of course, natural draught. 



181. ALTBRNATIVB SBTTING.— About how much OU fuel 
is burnt per hour per indicated horse power with a 
modem oil burning installation? Why is less consumed 
for an equal power than coal? What are the chief 
advantages of oil fuel? 

Arts. — With an installation of the Meyer-Smith system (as shown in 
plate IV.) the consumption is about 1*24 lbs. per hour per indicated 
horse power, but varies with the calorific power of the fuel (both coal 
and oil.) Taking oil at an average of 19,000 British thermal units, 
and average coal at 14,800 British thermal units per lb., and a coal 
consumption of i*6 lbs. per hour per indicated horse power we have 
19,000 : 14,800 :: 1*6 « 1*24 lbs. of oil fuel per hour per indicated horse 
power. The chief benefits by using oil fuel are, less bunker space, 
cleaner stokehold, greater thermal units per lb., less firemen, better 
control over fires, greater distance run without rebunkering, and 
cleaner boilers. 

The reason why less oil is used is owing to its greater number of 
thermal units per lb. This enables it to evaporate more water per lb. 
of the fuel, so that if the engines only require the sam^ amount of 
steam in both cases, this will be produced for Jess oil fuel used. 

Plate IV. shows the well-known Meyer-Smith system of oil burning 
and the following is a brief description. The pump draws oil through 
the suction filter which has a medium gauze wire strainer, and passes 
it to the delivery heater at from 50 to 70 lbs. pressure. In passing 
through this heater it is raised to as much as 180* to 240" F. according to 
the viscosity of the particular brand of fuel oil. Next the oil is passed 
through delivery filter which has a fine mesh strainer and is here 
thoroughly filtered before passing to burners. 

When lighting up, the oil is bye-passed back to the suction side of 
pump, instead of to burners, until desired temperature is reached. 
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When ignition point is obtained the circulating valves are shut and the 
burners open^ and lit by a common torch through a small door on 
furnace front. 

The spray from these burners is of a conical shape and extremely 
fine and mixing with the air forms a readily ignitible mixture, burning 
with a good clear flame, once the air is properly adjusted. 

No fire bars are used with this system so long as oil only is used. 

It is not necessary to have shore steam or use coal for lighting up 
with. A hand lever is fitted to pump and oil is delivered through a 
bye-pass into a coil, heated by a paraffin burner, and from thence it is 
delivered to the burners themselves, or may be circulated back to 
^suction side of pump. When sufficient steam has been raised and the 
main heater and the pump worked by this means, the starting device 
(coil and lamp) can be dispensed with. 



182. About how many tons of steam coal will be burnt per 
day "witli good triple expansion engines ,to drive aj^ 
ordinary steamer of 40 feet beam 10 knots an hour by 
steam alone ? On what grounds do you say so ? What 
percentage more coal would be required to propel the 
same steamer one knot faster? 

Ans, — Assuming the lines of the ship to be not finer than about *8, 
^ome 20 to 22 tons of coal will be required for a 40-feet beam steamer 
to go 10 knots per hour, and the reasons for this are as follows :— 
Taking the average indicated horse power for such a vessel at 1400 and 
burning, say, 1*5 lbs. of coal per hour per indicated horse power, there 

1400 X 1*5 X 24 r t , 

will be ^ — ^ =22*5 tons of coal per day. 

2240 

To gain one more knot there must be burnt more coal to be found 
thus : — As the speed cubed varies as the indicated horse power, and as 
the indicated horsepower varies as the coals burnt, we have the coals 
used vary as the cube of the speed, therefore, taking the increase upon, 
an original basis of 100 tons, we get — 

10* : 11' :: 100'' :-0r 1000 : 1331 :: 100 

1331 X 100 ■ ■ 

= -^^ or 1 33* I tons now needed, 

1000 ''•' • 

bence the increase is 133*1 - 100 « 33.1 per cent. more. ^ 

NbU by Author, — This shows very clearly how it is that even a 
slight rise in speed costs us so much tnore money. . / 
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188. About ho'w many tons of steam ooal will be burnt per 
day ^with a ffood triple expansion engine, surface 
condensers, the low pressure cylinder 60* diameter 
doing average work? On -what grounds do you say 
so? 

Ans. — Taking 1400 indicated horse power (as in the last question)" 

and i^ lbs. of coal per hour per indicated horse power we had 22*5 

tons per day. 

1400 X i'< lbs. X 24 hours 

— ^ = 22-5» 

2240 ^ 

Note by Author. — But it would be better for the candidate to take^ 
one of his old engines and steamers if the low pressure cylinder is 
anyway like that given, and work out the consumption from his 
own data. 

The grounds upon which this answer is based are the taking of 

usual indicated horse power and consumption as is met with in everyday^ 

use, but to use the 60 inch low pressure diameter there will be, if 

the ratio of o^rlinders is taken at i : 2*5 : 6*5, a ratio of diameters of 

60 . 

I : n/2'5 : n/6'5 or i : 1*58 : 2*54, . '.-— = 23*6 inches diameter of high 

pressure and 23*6 x i '58 -> 37 '25 inches diameter of intermediate pressure 

23«6'+37*25'4-6o* 
so that the nominal horse power may be taken at 

B 277, and if we assume the indicated horse power to be five times the 
nominal horse power we have 277x5 =-1385 indicated horse power 
which is very near to the 1400 we assumed. 



184. A pair of inverted cylinder direct acting engines, ther» 
is a liner half an inch thick between the ahead, 
eccentric rod and the eccentric strap ; in overhauling^ 
the engine this piece is lost and forgotten; -what 
difference will its omission make in the ivorking or 
the engine on the admission, on the cut off, and on th» 
exhaust of the steam? Which will take place earlier 
and "Which later, distinguishing between the up stroka 
and the down stroke ? 

Ans, — The following will be the effects produced by the omission 
of a liner \ inch thick from under the eccentric rod foot. Taking a 
valve having steam admission over its outer edges and remembering 
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the valve will now be J inch lower than before, the lead on top will be 
this amount more, whilst the bottom lead will most likely be done 
away with, at least it will be J inch less than before. The cut-off on 
top will occur later, but that on the bottom earlier, and the top port 
will open to exhaust late, but the bottom one will open early, and this 
port will close late, whilst the top port will close to the exhaust early. 

The engine will no doubt run in a poor manner, partly due to the 
great difference in the top and bottom leads, and also to the fact that 
the area for exhaust at top not being so much now may give rise to an 
increase in the back pressure and cushioning. The absence of (or 
great diminution in) the bottom lead will cause her to knock when 
turning this centre. 




Fig. 72. 
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185. In a pair of inverted cylinder direct acting eng^ines 

driving a right hand scre^w, on ^^hich of the crosshead 
guide bars is the pressure greatest in the up stroke, 
and on ivhich in the down stroke ? 

Ans, — The pressure with ordinary marine engines comes entirely 
upon the port crosshead slipper and guide bar both on the up and the 
down strokes, though its amount is a trifle more on the down stroke due 
to the weight of piston and rod acting in addition to the load from the 
steam pressure. When going astern the pressure comes on the 
starboard guide, etc. 

186. A screw propeller is getting loose, it has a little play on 

the shaft sideways on the key or feather, how will this 
shew in the engine room ? 

Ans. — If a propeller is slack sideways on its key it can be both felt 
and heard in the engine room and tunnel by a knock or bump if the 
engines be quickly reversed; and after hearing this once or twice it 
can be readily detected should a slackness arise again after having been 
previously cured. 

186. ALTERNATIVB SETTING.-A sharp cUck or knock is 

heard when quickly reversing engines. What is its. 
cause ? 

Arts, — (That already given will do.) 

187. How would you prove whether the centre line of the 

trunnions of an oscillating cylinder be fair with the 
centre line of the main shaft ? 

Ans, — To prove whether the centre line of the trunnions be fair (or 
parallel) with the centre line of crank shaft, take down the crank pin 
brasses and measure the distance between the side of the T head of 
piston rod when the piston is on top, and the face of the web, crank 
also on top centre. Then turn crank to bottom centre, and with the 
piston also on the bottom measure at exactly the same points and note 
if the amount is the same ; if it is, the trunnions are fair. 

188. How can the fairness of a line of screw shafting be- 

tested without lifting the shafts? 

jlfis, — About the simplest and most accurate method of testing the: 
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fairness of a line of shafting without its being lifted is to slack off all 
the coupling bolts at the different flanges, and then, either by in- 
spection or trial by means of a " feeler " gauge, ascertain whether the 
adjacent couplings have opened, and if so whether at the top or 
bottom and also by how much. 

189. Where are steel forgings ffenerally used in znarine 
engines ? 

Ans, — Owing to the greater strength of mild steel over wrought iron - 
the former has replaced the latter for nearly all the working parts which 
originally were made of wrought iron, about the only exception being 
tail end shafts, and these if made of good iron are found not to corrode 
so quickly nor yet to "fatigue'' so soon as do mild steel tail ends. 
The parts, therefore, made of mild steel are such as piston rods and 
crossheads, connecting rods, crank, thrust and tunnel shafts, eccentric . 
rods, reversing links, drag rods, pump levers and their links also. 

189. ALTERNATIVE SBTTING.— What material has practic 

ally replaced wrought iron for forgings? Why? 
Which piece is still made of iron, however, and i;7hy ? 

Ans, — (That already given will do). 

190. What is the composition of nickel steel ? Where is it 

sometimes used in engines and boilers ? 

Ans, — Nickel steel is a good class of steel of about 29 per cent, of 
carbon and about 3^ per cent of nickel, and these proportions give an 
ultimate tensile strength of about 85,000 lbs. per square inch. Plates 
for boilers are rather lower, about 74,000 lbs., as they are of a milder 
quality. 

It is sometimes used in engines for those parts made of ordinary mild 
steel, but its expense is against its larger use, and about the commonest 
place to find it is in tail end shafts, as it resists corrosion better. 

For boilers it is not much used, but when specified it is generally 
for shell plates. 

191. How is forced draught generated on board ship and 

supplied to boiler furnaces ? Is the air heated before 
delivery ? II so, how ? 

Ans, — Forced draught consists of a fan driven either by a small 
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steam engine or by an electric motor. This fan generates a current of 
air. that is at the stokehold tempersLture and sends it to a beating 
chamber situated in the uptake, vhere by passing on the outside of 
short vertical tubes, through which the hot waste gases of combustion 
pass, the ait is raised in temperature up to as high as 230° to 300° F. 
The fan still urging the air onwards, it passes by special trunks down 
to the furnace fronts, which are also specially made so as to regulate 
the admission of the heated air both on top of the fire and some into 
the ash pit. (See plate V.) 

192. What la "induced" drangbt? Compare the merits of 
"forced" and of "Induced" draufftats. 

Ans. — Induced draught consists In havmg a fan acting as a suction 
in the upper part of the uptake casing and by its expelling the heated 
products of combustion up the funnel at an increased velocity, ibere 



is produced a sl^ht vacuum, and to destroy this air from the stokehold 
rushes into a heatinj: chamber consisttr^ of an enclosed space havit^ 
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a series of vertical tubes through which the waste gases are drawn. 
The air being outside is heated and then goes down to the furnaces* 
being r^;ulated by valves to pass above and below the fires. It thus 
mixes with the gases from the coal and passes thence up through the 
ordinary smoke tubes and next the heating tubes and then through 
the fan and away to the funnel. One of the chief advantages of 
induced draught is that the furnace doors may be opened whilst the 
draught is on, whereas with forced draught this must be shut off before 
opening the doors. Also the suction system is not so fierce in its effects 
upon back ends and the like, but against this must be set the fact that 
the fan has to actually deal with the heated products of combustion. 

Note by Author. — The following pars, need not be given as part 
of the answer unless the candidate likes to : — 

Figure 74 shows the "Atlas" balanced draught and air heating 
•economisers. 

The system consists of a combination of induced and forced 
draught in conjunction with air heating economisers which utilize the 
waste heat of the gases as they leave the boilers to r^enerate the 
whole of the air required for combustioa 

To produce this combination of draught, two fans are used in the 
fpUowing manner: — The induced draught is produced by a suction 
fan which is placed at the base of the chimney, and drawing the waste 
products of combustion through the vertical tubes of the air heating 
conomisers, delivers them into the flue or chimney. The forced 
draught is produced by a pressure fan which delivers the correct 
•quantity of air required for combustion into the economiser where it is 
heated up to from 300* to 350* F. before passing into the furnaces. 
In this way the air supply is accurately regulated to suit the require- 
ments of combustion, and it is raised to a high temperature entirely by 
means of heat which would otherwise pass up the chimney and be 
wasted. The term " balanced draught ^ is used because the fans are 
so proportioned that the vacuum set up by the suction fan is just 
sufficient to overcome the resistance due to the flues, tubes, etc., when 
the pressure fan is setting up the requisite under-grate pressure to bum 
the required amount of coal. 

The draught at the furnace door is thus balanced, so that there is no 
outrush of flame or inrush of cold air when the furnace doors are opened, 
as is the case when forced or induced draught is used separately. 

The fans may be located where most convenient, and driven by 
independent motors or engines, so that their speed can be readily 
varied to suit the conditions of working. 
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Incidental advantages obtained are that the driving power required 
is appreciably less than with a single fan, owing to the smaller frictional 
resistance of the air ; the pressure fan is dealing with cold air only, and 
the suction fan with gases that are already considerably cooled by the 
air heating economiser. Also as the water gauge maintained by each 
fan is only about one-half that required with a single fan for the same 
duty, the losses through any leakage in the boiler settings are 
correspondingly diminished. 

The effect of the system is to cause complete combustion at once, 
mo smoke whatever being formed. At the same time a high rate of 
•evaporation is obtained and great economy in fuel. The heating of the 
air enables the air supply to be greatly reduced, which is in itself the 
principal factor in the economy obtained. To explain this point 
•clearly, when cold air is used the quantity of air required is generally 
about 24 lbs. per lb. of coal, whereas with the "Atlas" system from 
17 to 18 lbs. of heated air proves sufficient. This reduced air supply 
oiaturally has the effect of greatly raising the temperature of combustion, 
as besides the gain of temperature in the heated air, it avoids the loss 
<of having to heat up the usual excess of inert air. 

The result obtained is a great increase in the steaming capacity of 
the boiler, combined with high e^ciency, and consequently a very 
^eat saving in fuel consumption. 

108. How is the intensity of forced or induced draught 
measured? What is the usual pressure employed in 
the Mercantile Marine ? 

Am. — By ascertaining the difference in height of two columns of 
^ater in a U tube, thus : A glass tube of about § inch to ^ inch 
diameter of bore is worked U shape and mounted upon a board 
carrying a scale of ordinary inches. Water either plain or by 
preference coloured is poured into this tube until the levels stand at 
about I J inches to 2 inches above the bottom of the U. To the top 
of one leg is attached a pipe leading from the spot where the draught 
intensity has to be measured, and the top of the other leg is left open 
;to the atmosphere. Now as the fan generates the air current, so its 
pressure rises and thus the water in one leg goes down, whilst that in 
the other leg rises by exactly the same amount. Thus if the water 
shows a difference in levels of 2 inches we say there is an air pressure 
^f 2 inches or as each inch equals 5*2 lbs. per square foot, 2 inches 
will mean 10*4 lbs. per square foot air pressure.- 
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Usual air pressures for the mercantile marine are at the fan, from 
2 inches to 3 inches ; above the fire, about ^ inches to J inch, and 
below the bars about i inch or a little more. 
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Fig. 75. 

Note by Author, — In the fig. 75 it will oe seen that we have shown 
the right hand scale actual inches, but upon the left hand scale each 
(utuai half inch is taken as one inch, and therefore a reading upon 
this scale gives by its figures the real inches of pressure due to the 
difference of levels in the two legs. Gauges are usually marked on both 
scales as is here shown on the left. 



193. ALTBRNATIVB SETTING. —In estimating draught 
pressures by a U gauge why is the unit of area chosen 
as a square foot ? 

Ans. — One cubic foot of fresh water = 62*5 lbs., and is on a base of 

62*5 
1 square foot. Each inch height is therefore — =^ = 5*2 lbs., i square 

foot a 144 square inches, hence to give an air pressure of, say, Y water 
in terms of a square inch would be ^— -r i44»*oi8 lb., a figure which 

the mind cannot readily grasp, and so it is usual to express the pressure 
in terms of the larger unit. 
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194. An explosive gas is liberated from bunker coal. Usually 
in v^ell-ventilated bunkers this gas escapes into the 
atmosphere i^thout doing harm. In ill-vexitilated 
bunkers the gas, after mixing -with a certain proportion 
of common air, has been kno^^vn to explode -when a 
naked light has been brought into contact "with it. 
What is the composition of the gas ? Where is it found 
in bunkers, 't-^een decks, pockets and coal shoots? 
Hew may it be got rid of as soon as it evolves from the 
coal? How many cubic feet of air to one of the gas 
forms a violent explosive mixture ? 

Ans, — When coal has been stored in a confined place for a short 
time it gives off a light gas known as " marsh gas," which is a light 
'carburetted hydrogen represented by the letters C H4 which means 
that in a given amount of the gas 4 parts are hydrogen and i is carbon. 
Marsh gas is what is known to the coal miner as *'fire damp." Before 
it becomes explosive it must be mixed with air in any proportion 
between about 6 cubic feet of air to i cubic foot of the gas, up to 
about 1 2 of air to i of gas ; a proportion of about 9 air to i gas yields 
a violently explosive mixture when a naked flame is brought into 
<:ontact with the "mixture." Whilst efficient ventilation will remove 
this dangerous gas, yet as such can rarely be obtained, volumes will 
accumulate at all the high places in bunkers, 'tween decks and shoots, 
and about all that can be done to minimise danger is to ship the coal 
•4ry and in as large pieces as possible, then to keep hatches off as long 
as the weather permits, and to keep all ventilators full open, and as 
very often the ventilators are made as part of the masts or derricks, the 
actual openings come well out of reach of seas shipped by the vessel. 



105. A lighted lamp or candle has sometimes been lowered 
into an apparently empty paraffin tank and produced 
an explosion resulting in injury to the person holding 
the light. What did the tank probably contain, and 

what produced the explosion ? 

• * 

Ans, — An apparently empty paraffin tank often contains a large 
amount of a dangerous hydro-carbon gas, something like marsh gas, 
only being a heavier compound, viz., Q H4. This is due to the fact 
-that all paraffins or petroleums are combinations of the gases carbon 
and hydrogen in various proportions and both mechanically mixed 
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together, and as small quantities of the oil remain about the tanks in 
thin layers, they readily pass off this gas which is not only explosive 
when mixed with air, but is fatal to human life if one becomes im- 
mersed in it for more than a few seconds. It is a heavyish gas and 
tends to sink to the tank bottom, but if through working one's legs 
about in it, it becomes disturbed, mixed with air, and a naked flame 
be present, it explodes violently. 



105. ALTERNATIVB SBTTING. -If lamps or candles lowered 

into apparently empty paraffin tanks have caused 
explosions, what kind of illuminant would you prefer 
for safety ? What is the nature of the gas in the tank ? 

Ans, — Either a Davy safety lamp or an electric one with a gas-tight 
switch. The former has the flame surrounded by a wire gauze case,, 
and if a lambent blue flame is seen to bum inside this it tells us the 
dangerous gas is present and passing through the meshes of the gauze. 
For the time this absorbs the heat and prevents the flame passing back 
to the bulk of the gas, but we should remove from the danger spot, 
because if the gauze gets red hot it will Are the whole mixture. 

Gas-tight switches are necessary with electric hand lamps, as other- 
wise the spark caused on switching ofl" will fire the mixture. (Then, 
continue the answer as already given.) 

106. In vessels carrying coal cargoes it has been observed. 

that, generally speaking, the gas which escapes from 
the body of the coal is found more abundantly at the 
forward end of the hold than at the after end. Why^ 
should this be so ? 

Ans. — As the gas is lighter than air it naturally tends to rise and. 
occupy the highest spots, and as a vessel usually trims more by the 
stern that elevates the fore ends of holds, further, the action from 
ventilators will at times tend to drive the gas also to the highest parts. 

107. In recently opened ballast tanks, double bottoms, and 

boilers a light low^ered into either has sometimes been 
extinguished. What would, in all probability, causes 
this ? 

Ans. — The extinguishing of a light when lowered into a hitherto- 
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closed boiler or tank is due to the presence therein of an undue 
amount of carbonic acid gas (C O.2) caused either from a decomposition 
of the paints or enamels used in coating tanks or else from oils or 
sediments in the boiler. The oxygen of the air which was in both 
tank and boiler at first combines with the carbon of the above 
substances and so produces C O^, and it would appear as though the 
other constituent of air, nitrogen, remains as a kind of free gas, and 
neither this nor C O^ is of any use to support combustion, hence the 
light goes out or at least burns feebly. 



198. In double bottom steamers v^here does the bilge -water 
lie, and where are the roses of the bilge pipes fitted? 

Ans. — In a vessel that is tanked right through, spaces called 
" bilges " are provided by the skin of the ship and the tank side and it 
is in these "bilges" that the water lies and into these the ends of the 




Fig. 76. 

bilge pump suctions fitted with rose boxes lie, one for the port bilge 
and one for the starboard. A small hole is cut at the bottom of the 
bracket plate which connects the tank side, or margin plate, to the 
skin of the ship, and by this hole the bilge water is allowed to pass 
right through between the different bulkheads, but not through these. 



109. What is the advantage of a large rose over a small one ? 

Ans.-^li a rose box be made small it naturally becomes choked 
quickly and therefore often requires cleaning, hence roses should be 
as large as practicable: 



ISO 



brown's elementary questions and answers 



200. Why, especially in vessels carrying: car£:oes liable to 
shift, should engine bilge suctions be fitted to both 
wings of the bilge ? 

Ans. — Through the cargo shifting, the ship will take a permanent 
list and thus all the bilge water will run to the lower bilge and as this 
may be either the port or starboard one, it is necessary to have a bilge 
suction leading from both, otherwise the water sometimes could not be 
removed. 



201. In a heavily listed vessel why is it dilBcult to keep 
steam? 

Ans, — As a ship lists so it brings the wing combustion chambers 
nearer to the water level of the boilers and it may be actually out of the 
water. To overcome this and prevent burning of the chamber tops, etc.. 
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Fig. 77. 

we must pump more water into the boilers and this reduces their steam 
space and is one of the causes for difficulty in maintaining a good 
pressure. Other causes are that priming will most likely be found, 
owing to the higher level and decreased steam space and so as priming 
bodily carries away from the boilers so much of the water which is 
heated but not turned into steam, more feed must be sent in in a given 
time. Also owing to the slope of the stokehold plates, firing will be a 
difficult matter to carry out and the pressure will fall from this. As the 
combustion chamber sides now all slope, some of them act as baffles to 
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the steam formed upon them,- owing to their being more on top of the 
steam as it were. 



201. ALTERNATIVE SETTINQ. -Steam is often found to fall 

back ivhen a vessel has a bad list. Why should thi^ 
be so? 

Ans, — (That already given will do). 

202. If the engine bilge pumps get choked and water accumu> 

lates in the stokehold bilges what effect does the water 
have upon the bilge boards and stokehold plates when 
the ship is rolling violently. 

Ans, — Should the water be allowed to rise in the bilges, it will force 
up the boards and stokehold plates as the ship rolls, because the 
accumulated water swishes about and then when the boards, etc., are 
displaced, any rubbish like, ashes, coal, etc., gets directly to the bilges 
and soon chokes the suction to the pump. 

208. In a triple expansion engine what spare gear do you 
consider necessary in the case of a foreign going ship ? 
Also, what stores would you provide for a voyage to 
New Zealand ? 

Ans. — The following may appear to be rather a lot, but they are 
what should be obtained and carried for the run mentioned in the 
question. 

Spare Gear for Main' Engines. 

1 tail end shaft and 1 propeller to fit its taper. 

8 coupling bolts and nuts, which have been seen to fit the boles in the couplings 

1 bottom end brass with its two bolts and nuts. 

1 top end brass with its two bolts and nuts. 

1 eccentric strap with its two bolts and nuts. 

1 valve spindle with nut to fit. 

2 main bearing bolts and nuts fitted. 
12 junk ring bolts. 

12 cylinder cover studs and their nuts. 

1 complete set of piston rings, either patent or Ramsbottom ; just as are at present 

fitted for the high pressure, intermediate pressure and low pressure cylinders. 
Studs and nuts for the different stuffing box glands (unless the engineers mak« 

such as are required). 
1 air pump rod. and 1 feed pump plunger. 
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Spare Gfrear for Uain EmgLneB—CottgiHtud. 

I each eed pamp soctioQ and delivery valves. 

1 complete set of metallic valves and guard for air pamp. 

J suction and delivery valve for bilge pamp. 

1 spare crank suitable tor either high pressure, intermediate pressure or low 

pressure. 
1 Thompson s shaft coupling. 

Auxiliary Bnerines. Spare Gear. 

Weir's Independent Feed Pumps. 
I valve spindle* 

1 bucket and rod complete. 

12 suction and delivery valves. 
6 springs for valves. 
Fan Engines. 

2 sets of piston rings. 

I connecting rod with brasses, etc., complete. 

I piston and piston rod complete with braises, etc 
Ballast Pump. 

I plunger rod or bucket. 

I set piston springs. 

I set suction and delivery valves. 
Circulating Pump, when Driven by Separate Engine. 

I set piston rings. 

I eccentric rod, strap and valve spindle, complete with nuts and bolts. 

1 connecting and i piston rod complete with brasses, etc 

Winches and Windlass. 

12 piston rings, winches. 
6 piston rings, windlass. 

2 sets of main bearings for windlass. 

2 sets of bottom end brasses for windlass. 
4 valve spindles and one gland for winches. 
I piston rod and gland for winches.- 

1 piston. 

2 sets main bearing brasses for winches. 
2 sets bottom end brasses for winches. 

2 sets top end brasses for winches. 
I spur wheel (in halves). 

Stores. 

320 galls, engine oil. i cwt. red lead. 

150 ,• colza oil. i^ „ red lead oxide* 

40 ,, cylinder oil. 2 ,, brown oxide. 

200 ,, paraffin. 2 ,, stone colour. 

4 cwts. waste. I ,, black. 

1 „ white lead. 7 lbs. blue. 

2 ,, white zinc. 8 galls, turpentine. 
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Storea—Contintted. 



6 cwts. Unseed oil. 
8 ,, boiled oil. 

1 „ terebene. 

2 kegs soft soap. 
56 lbs. bar soap. 
6 cwts. soda. 

2 galls, carbolic acid. 
18 balls colza wick. 
6 rolls i" lamp wick. 



6 gauge glasses or donkey boiler. 
24 zinc plates. 

1 check valve and spindle each or main 

and donkey boilers. 

2 safety valve springs for main boiler 

and I for donkey boiler. 
I safety valve and seat for main boiler. 
24 tubes for main boiler. 
12 tube stoppers. 



5 doz. sheets emery cloth (assorted grades). 80 fire bars for main boiler. 



i lb. emery powder (fine). 

I cwt. lime. 

24' duriflex packing i}". 



» 



36' „ „ I 

24 »» »> 8 • 

24 »» »» a • 

48' soft ,/ f. 

2 balls asbestos. 

12' each of Tuck's packing sizes ^, §, i, §. 

48' asbestos tape j". 

6' X 6' red wire insertion yj"* 

6' X 6' wire asbestos cloth ji"* 

20 boiler door joints 15" x 12* x 1". 

6 „ ,, i6"xi2''xi*. 

200 fire bricks. 

3 cwts. fire clay. 

1 cwt. cement. 

6 hand lamps (spare). 
3 doz. lamp glasses. 
6 stoking shovels. 
3 trimming shovels. 

2 doz. each bolts and nuts, sizes V, f, 

and r. 

3 doz. each, washers, sizes }*, i", and y. 



»» 



»♦ 



i> 



f > 



»» 



»» 



n 
at • 

i« • 

i". 

i". 



30 fire bars for donkey boiler. 

2 bearers for fire bars. 

6 ft. each muntz metal rod, sizes i", ^'\ 

r, r, r, r, and i". 

6 ft. each iron rod, sizes y, i", and i\ 
6' X 3' muntz metal sheet 

3'X3' 
3'X3' 

2'X2' 

2 lbs. lead wire j^". 

1 lb. copper wire —", 
6 chipping hammers. 
4 lbs. black lead. 

56 lbs. tallow. 

6 tar brushes. 

6 paint brushes. 

6 brooms. 

6 mats. 

6 washing buckets. 

8 ash buckets. 

24' wire for ash hoist. 

2 each ^" and |" packing drawers. 

60' of if" rope for air and ballast pump 
plungers. 



24 gauge glasses for main boiler. 

And in addition to the above the ordinary stock of tools must be kept up. 



204. What means are sometimes provided for temporarily 
coupling together the broken parts of, say, a tunneJ 
shaft ? Describe the fitting. 

Afis. — The means usually adopted is to fit what is called a Thompson 
patent coupling round the shaft at the break. This consists of a strong 
clamp made of cast steel, about 2J inches thick and of lengths varying 
from 3 to 4 feet. They may be in either two or three parts circum- 
ferentially in order that they may go over the shaft. Strong bolts then 
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pass through the flanges of each part of the coupling and draw the whole 
lot tight down on to the shaft, having first seen that the ends of the 
break are close together. With one form of shaft coupling further set 
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bolts are provided in the two parts of the coupling itself and these are 
tightened down on to the shaft after the halves have been drawn together 
as explained above, and thus further help to secure the broken parts. 



205. Does the pressure on the thrust collars vary "^th the 
horse po'wer, or "with the speed of the ship, or ho"^ ? 

Ans, — The thrust pressure varies inversely as the speed, and directly 
as the indicated horse power. Thus suppose the ship's speed to be 10 
knots with a certain indicated horse power and through some cause it 
drops to 9 knots with the same indicated horse power, then the thrust 
pressure will increase in the ratio of 10:9 or will be 1*1 1 times as 
.^reat. If, however, the indicated horse power drops, then the thrust 
pressure drops proportionally to this. 
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205. ALTERNATIVE} SETTING.-If the speed of the ship 

varies hew does that affect the thrust pressure ? 

Ans. — (That already given will do). 

206. If the holdiii£:-do3vn bolts of a thrust bearing: should 

become slack, "what effect -would it have upon .th& 
working: of the eng:ines? 

Ans, — Should a thrust bearing become slack and so allow itself tc 
be forced forward by the thrust from the screw, the whole shafting,, 
including crank shaft moves also and thus the forward webs come 
against the main bearings, and perhaps crank pin becomes fractured 
through bending, besides causing the bearings to run very hot. This 
throwing out of line of the whole shafting brings the connecting rods 
away from the straight line and so bottom and top end brasses run hot 
as well. The valve motion also will give trouble and in short the whole 
engine works badly by thus being thrown out of line. 

208. ALTERNATIVE SETTING.— You find the bottom and 
top ends running hot and the lubrication is as usual, 
what is -wrong: ? Or the shaft cracks at the pin ? State 
possible cause for this. 

Ans, — (That already given will do). 

207. In an engine with three cranks, which of the three is 

subject to the greatest torsional stress (1) in going 
ahead, (2) in going astern. 

Ans, — Seeing that the low pressure crank has to transmit the 
effort of. both intermediate pressure and high pressure, as well as its 
own, the shaft at No. 6 bearing is more heavily stressed than any of the 
others, and this is the case whether going ahead or astern. 

208. Is it usual to make the crank shaft of a triple or quad* 

ruple expansion engine in one piece? And is the 
diameter of the shaft uniform from end to end? Giva 
your reasons for the practice which obtains ? 

Ans, — The crank shaft of a triple or quadruple engine is always 
made of either three or four separate cranks bolted together and very^ 
often each of these cranks is made of five pieces, the two shaft portions. 
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with the couplings, the two webs, and the crank pin, the whole being 
shrunk together to form the crank. The diameters of the pins and 
shaft portions are all the same right through, in order that each crank 
may be interchangeable with either of the others, in the event of having 
to replace, say, a fractured low pressure one by putting the high pressure 
crank into its place. Also it is cheaper to manufacture an engine where 
the shaft diameters are the same all through. 

The reason for subdividing the crank shaft is to enable sounder 
f orgings to be produced in the first place, because the smaller the part 
the more reliable will be its manufacture, and secondly for the sake of 
substitution as explained before. About the largest crank forging is 
where both webs, pin, and two shaft parts are made solid and then care 
must be taken to obtain the grain of the iron running as nearly as 
possible in the lines of the different parts. 

ia08. AI/FBRNATIVB SOTTING.— What governs the diameter 
of a crank shaft? Could it be made of varying 
diameters ? Why is this not done so as to save weight ? 

Ans, — ^The shaft could be made of increasing diameters, starting 
with the piece in No. i bearing (high pressure forward end) the smallest, 
No. 2 bearing a little larger, No. 3 larger again, and so on to No. 6, 
which would be the largest of all. This would be brought about by 
reason of No. i bearing having no torsion (except the resistance of the 
valve gear to overcome), and only half the bending moment due to load 
and leverage from high pressure engine. No. 2 bearing has the half 
bending moment plus torsion of high pressure. No. 3 has torsion of high 
pressure plus half bending moment of intermediate pressure (and which 
may be more than was the high pressure). No. 4 has torsion of inter- 
mediate pressure and high pressure, plus halT bending moment of 
intermediate pressure. No. 5 has the two torsion efforts, plus half 
bending moment of low pressure, and No. 6 has the other 
half, plus a// the three torsion efforts, and thus would need the larger 
diameter shaft. Shafts are not m^^de of varying diameters, as if so they 
would nof be interchangeable, and seats for bearings would each have to 
be planed out on its own. These facts far outweigh the saving of weight. 

2^09. In a ''built" crank shaft hoiv are the webs rigidly 
secured to the pins and to the body of shaft ? 

Ans, — A built crank being composed of five parts it is necessary to 
rigidly attach the two webs to both crank pin and shaft parts. This is 
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done by bormg each hole in each web a trifle less (about -^ inch 
approximately), than the diameter of pin or shaft By means of gas 
heaters the web is then heated and the holes expand this small amount 




Fig. 79. 

and being then placed over pin and shaft are allowed to cool and so 
•contract tightly upon each. Then to secure them finally in place should 
the contraction not be sufficient to ensure the webs remaining fast and 
tight after usage, holes are drilled, half in web and half in pin or shaft 
respectively, of a fair diameter, and pins driven or screwed hard home 
into these holes. Care must be taken to have these pins at least about 
-| of the thickness of web and of such a diameter as will reduce the 
shearing stress on their longitudinal section to a safe amount, of say, 
about 5000 lbs. per square inch, as should the webs become slack it is 
only these pins hold the lot in place. 



210. There are various descriptions of donkey eng^ines in 
use on board ship for pumping purposes. Some pumps 
are fitted with escape valves, some are not. Why 
should this be? 

Ans. — Any pumps which have fly wheels to them, or are driven 
direct from the main engines, should have escape or relief valves fitted 
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in case a nip occurs anywhere in their discharge. Should this happen 
the escape valve will open and relieve the pump chamber or pipe. All 
common donkey and plunger pumps require such valves, but pumps of 
the Weir and Worthington types do not, even though such are sometimes 
met with, because with these the steam and water pistons are so nearly 
' equal, that a moderate rise on the discharge side quickly balances the 
effort of the steam and the pump stops, whilst the main engine driven 
pumps and also those having heavy moving parts would continue to 
move after the nip occurred and so raise the pressure in pipe or 
chamber to its bursting point. 

210. ALTERNATIVE SETTING.— Suppose a donkey pump 

were not fitted vrith an escape valve, -w^hat migrlit 
happen ? Do all kinds of pumps have these ? 

Ans, — (That already given will do), 

211. Explain the function of an air vessel fitted to a feed 

pump. Make rou£:h hand sketches of (1) a satisfactory 
vessel, and (2) an unsatisfactory vessel, -where, say, the 
air spring has been destroyed by carelessness, or has 
never been properly provided. 
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Ans, — An air vessel consists of a cast iron vertical chamber placed 
upon the discharge pipe from a forcing or plunger pump, and its object 
is to allow the air to collect in its upper part and be compressed by the 
water driven along the pipe, some of which rises in the **air vessel " 
on each discharge stroke of pump. The air being thus compressed 
re-acts on the water, and during the suction stroke of the pump, it forces 
some of this out of the air vessel and along the pipe to the discharge 
and by this means the flow is made much more nearly continuous and 
at the same time the shocks given to the water by each down stroke of 
the plunger are, absorbed by compressing the air cushion. A satis- 
factory type is shown in fig. 80 at left, where the air accumulates at the top 
and can re-act as explained before, and fig. 80 (centre) shows an unsatis- 
factory type in which no air cushion or air spring exists at all ; fig. 80 
{right hand) shows an alternative form of satisfactory vessel, as the air 
can accumulate round the internal pipe. 

211. ALTERNATIVE SETTING.— What is fitted to the dis- 

char£:e pipe of a donkey pump in order to make the 
flow more continuous? Are there bad forms of this 
fitting as well as £:ood ones ? How can you distingruish 
between them ? 

Ans. — (That already given will do). 

212. Should cocks or escape valves be fitted to air vessels? 

Why or -why not ? 

jlns, — No cock, escape valve or opening of any sort should be 
allowed upon an air vessel, except it be one with an internal pipe. The 
reasons for such exclusions are that a valve, etc., might leak and so reduce 
the air cushion and further that each time the valve acted as the relief, 
away would go the whole of the air cushion and for some time after 
this the air vessel would be useless. Escape valves should always be 
fitted between the feed suction and delivery valves, on the pump 
chamber itself, as this is the first place to feel an excess of pressure and 
there is no air spring to lose. 

^12. ALTERNATIVE SETTING.— With a plunger pump will 
the water yield to the descending ram if the delivery 
and escape valves are fast ? If not, what would result ? 

Ans, — The water is for all practical purposes incompressible, and 
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SO if the valves mentioned are stack fast it will not yield, and therefore 
the pressure in ram chamber rises dangerously high, bursting it 

Note, — Water can be compressed about *33Vo for a pressure of 
xooo lbs. per square inch. 

218. Where, by preference, should the escape valve of a pump 
be placed? Why? 

Ans. — Note by Author to Candidates, — This question has practically 
been answered in the last part of what is given to Q. 213, but add that 
the cause of such excess of pressure might be the check valve sticking 
fast, or the delivery valve refusing to lift 



214. Scum cocks are sometimes fitted to boiler shells at a 

heifi^ht convenient for engineers to manipulate when 
standing in the stokehold: the scum pipes in such 
cases are led upward* inside the boiler, to a little above 
the combustion chamber tops. What danger may arise 
ftom this arrangement ? 

Am, — The arrangement mentioned is about the worst that could be 
fitted, as, firstly, the pipe sloping upwards to the scum pan tends to 
become choked with the solid matters in the water. Secondly, the pipe 
may corrode through at its connection to the spigot of the cock and 
drop off, so that instead of removing dirty water when ostensibly 
" scumming " the boiler, good clean water would be blown out and so 
wasted, leaving the dirty lot still at the water level. One advantage of 
placing a scum cock at the working level of the boiler is that if the pipe 
breaks off then steam comes practically at once when the scum cock is 
opened. 

215. Cocks for testing the water level of boilers are sometimes 

fitted within reach of the engineer who is standing in 
the stokehold. These may have internal pipes leading 
upward and terminating at various levels. Under "what 
circumstances may these become misleading ? 

Ans, — Being internal pipes they are liable to chokage and also bend, 
ing down and so recording false water levels, and whilst this action may 
be prevented by having the internal pipes supported by efficient hangers 
from the boiler stays, still they may corrode through and break off, again 
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leading to false indications when the test cocks are used. If the one 
leading up to the steam space dropped or sagged it would sooner or 
later enable water to be blown through the steam cock. 



215. AliTBRNATIVB SBTTING.-Is it advisable to fit internal 

pipes in a boiler to such as scum cocks and -^ater gauge 
cocks ? What is their great danger ? 

Ans. — (That already given will do). 

216. Why should the pipe -which leads from the bottom of the 

water gauge column to the bottom of the boiler front, 
or^ back, be covered "with non-conducting material? 
Why also should it never have lengthy horizontal 
bends ? 

Ans, — In order to obtain accurate indications in the gauge glass 
of the height of water in the boiler, it is necessary that the temperature 
of the water pipe and its contents be kept as near those of the boiler as 
ever pos5iible, hence the pipe should be well lagged, and by this means 
we prevent the undue cooling and contraction of the stagnant column 
of water. It must be noted that when this water is cooled considerably 
. below that of the boiler that a /ess height will balance the boiler height 
of water, as cold water is denser — t.e,, weighs more to a given volume, 
or what is the same thing, has a less volume for the same weight. 
Lengthy horizontal parts only increase the liability to fracture by in- 
creasing the weight and leverage from the boiler, and if the whole is not 
blown through often the dirt, etc., tends to collect in such horizontal 
parts. 

217. In your own experience hovr frequently is this pipe 

remo'^ed and cleared? 

j^fis. — Nofe by Author, — The candidate must answer this question 
from his actual experience of such cleaning 

218. Why, even with the best of water gauges, is it advisable 

occasionally to use the drain cock ? 

Ans, — In order to prove that the glass water gauge is reliable and 
working properly, the whole affair should be blown through periodically 
at not too long intervals, thus the drain cock comes into use. 
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An$. — Should a bend forming a trap be worked in the upper or 
iUaun \n\jt <A a water gauge mounting, serioos ettors in tibe indications 
of the gauge will result. The steam as it condenses runs to the bottom 
of Yuch trap and forms a small mass of water, oKistantly getting larger. 




Fig. 8i. 



until at last it fills the pipe. When this happens the steam that is 
between the water in the trap and that in the glass becomes condensed, 
or at least some of it does, and a lowering in the pressure is thereby 
caused. This results in the boiler pressure blowing the whole of the 
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water in the trap down into the column and gauge glass and should it 
be a " solid" column mounting, the whole of such waiter is sent into the 
glass, with the result that the level as shown is suddenly increased very 
much. Further the water already in the glass rises a trifle under the 
reduction of pressure in the top steam pipe and so to avoid false 
indications it is advisable to blow through the top steam pipe at such 
frequent intervals as will ensure its not becoming filled with condensed 

steam. 

f 

218 and 219. ALTERNATIVE SETTING.— You are looking at 
the "water gauge and suddenly see the level rise con- 
siderably, what is the cause of such ? After blowing 
through the glass why should the level be different to 
what it was before the blow^ing ? 

Ans, — (Those already given will do.) 



220. Describe your method of thoroughly testing the water 
gauge system to satisfy yourself that all cocks and 
pipes are clear. Your answer can be w^ritten on a 
supplementary sheet of foolscap, -which the examiner 
w^ill hand you. Hand sketches, niere lines indicating 
piX>ed and circles indicating cocks, should be made. 
Identify the cocks and pipes by letters or numerals. 

Ans^ — When going to blow through a glass water gauge fitted on a 
hollow column, to prove it being in working order or otherwise, the first 
rule to remember is "dpuble shut off* what there is in the glass.'* If the 
steam end be tested first, then shut off both the cock or valve at the 
-boiler where the lower pipe joins it, cock No. 5 in the sketch made 
here, and also cock 3. The water end of gauge being now isolated, 
open the drain cock 4. and see if she blows through i, the steam pipe, 
and cock 2. If so, that end is all clear. To prove the water end next, 
open up cocks 5 and 3, and close Nos. i and 2, and open 4 and if the 
water rushes out strongly it proves the water pipe as well as cocks 5 and 
3 are all clear. 

Next suppose we had found the gauge showing full water. Double 
shut off" the water end by closing cocks 5 and 3, open 4 and if steam 
comes, it shows i, the pipe, and 2 are clear and so the boiler is too full 
of water. Had no steam come on opening 4, open 3 next and if then 
steam blows through 4 it proves cock 2 is choked. Close No. i and take 
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out the cleaning plug and with a, wire remove the chokage in cock 2. 
Replace small plug and try steam end again by opening up i. If, 
however, even after opening cock 3, there is still no steam through 4, 
it shows the chokage is either in steam pipe or at cock i. Break the 
joint where the steam pipe is attached to the cock or valve chest, first 
closing this and slowly open No. 5 and see if water can be blown right 
through ; if so, the pipe i$ clear. Assuming it to be so, the stoppage is 
at I. If this be a cock, try inserting a stiff piece of bent wire in the 
hole as the plug of the cock is slowly opened, and standing clear, one 
may be able to loosen the obstruction when the steam pressure will 




Fig. 82. 

carry it clear. The pipe, etc., can be rejoin ted and the gauge tried 
through when all will be well. If No. i is a valve, one will have to work 
off the steam from the boiler and take the whole valve, etc., adrift and 
clear it properly. 

If the glass be found apparently empty, i.e., full of steam, double 
shut off the steam end by means of Nos. i and 2 and open the drain 4, 
and if it blows water it shows the water end is clear and the level in 
boiler is dangerously low. The fires should be checked by wet ashes 
thrown on them and the dampers closed, or fan stopped and the 
donkey got to work pumping up the boiler. 
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221. Describe the construction of a "water tube boiler, men- 
tioning the type selected. 

Ans, — A Babcock & Wilcox is one of the best examt)les of a 
modern "large tube" water tube boiler. It consists of an arrange- 
ment of tubes inclined at 15 degrees to the horizontal, which form the 
bulk of the heatmg surface, sinuous-shaped boxes or ^' headers," and 
to which the tubes, either in groups of four small or one large one, 
are fixed by expanded joints. A horizontal steam and water drum 
running above the front headers, and to which it connects by short 
tubes, a mud drum, and a furnace of large capacity below the inclined 
generating tubes. 

The back headers are connected to the steam and water drum 
by large diameter horizontal tubes, which enter the drum just above 
the normal water level. Below the front headers is placed a square 
section tube or box, and each header connects to this by a short piece 
of tube or "nipple," and this square tube serves as a blow off or 
sediment box, through which the boiler can be completely drained. 

The steam and water drum carries the usual mountings, such as 
safety valves, water gauge, stop valve, etc., etc.^ and is fitted internally 
with " wash " plates to prevent undue movement of the water as the 
vessel rolls and pitches. 

All parts are of steel, and the entrance to the tubes in the headers 
has opposite to it a small handhole and door by which every tube can 
be examined and cleaned. The furnace is built round with fire brick 
slabs, and the whole boiler is covered with sheet steel lined with 
asbestos ; that is all bar the steam and water drum. The circulation in 
these boilers is as follows : — The heated water and steam flow up the 
tubes to the back headers and thence by the horizontal tubes return to 
the drum, 'wherein the steam is liberated finally, and the water, passing 
down the front header, goes to the tubes to be in turn heated. • 



p,QO. In a -v^ater tube boiler how is an economiser fitted, and 
what is its duty ? 

Ans, — In some forms of water tube boilers, notably the "Belle- 
ville " pattern, there is placed in the uptake a miniature edition of the 
main boiler, and this is the economiser. It consists, with this type, of 
a series of small tubes inclined and screwed to return bends at each 
end, the whole forming a zig-zag "element," several of which 
"elements" placed side by side form the economiser. Along the 



QUESTIONS AND 



i 



i68 brown's elementary questions and answers 

bottom front the lowest tubes connect it to a feed water pipe, and at 
the top the highest tubes connect to a similar pipe running across 
them, and which receives the heated feed, sending it thence to the 
steam drum of the main boiler. As the economiser is surrounded by 
the waste gases of combustion, the feed water circulating through the 
zig-zag piping becomes heated, and thus an ''economiser" is only a 
feed heater, but is one not using steam as the heating agent. 



222. ALTERNATIVE SETTmG.—What form does a feed 
heater take i^hen built as a part of a -wuter tube 
boiler? What is the particular part called? 

Ans, — (That already given will do.) 



223. How is the in^ater gau£re fitted in a water tube boiler ? 
Are srlass gauges xised? 

Arts, — In such as the Babcock & Wilcox boiler two glass water 
gauges are fitted, one towards each end of the steam and water drum. 
They connect direct to this, there being no " hollow column " and no 
internal pipes. Often the gauges are of an automatic type, such that if 
the glass breaks, steam and water are shut off by the actual rush carry- 
ing a ball or other valve against a specially prepared seat, so that it 
blocks the orifice leading to the broken glass. Glass gauges are used, 
but are often of the " Klinger " pattern, wherein the water part shows 
black, whilst the steam portion shows silvery. 



224. The pressure of the steam in water tube boilers is some- 
times greater than at the engines. Why is this, and 
-what percentage above the engine pressure does it 
amount to? How is this difference of pressure 
maintained? 

Arts, — It is beneficial to produce steam in the boilers at from 15 to 
20°/^ higher than is to be used by the engines, because by employing a 
•* reducing" valve, which once set for the desired reduced pressure 
upon its outlet or engine side automatically maintains that pressure, 
prevents such variations in the steam in the boilers as might be occa- 
sioned did the engines draw direct from the very small reservoir or 
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steam space a water tube boiler possesses. In addition to keeping the 
pressure at the engines more even, a reducing valve, by slightly 
throttling the steam, causes it to become drier, because the drop 
in temperature and consequently thermal units between the inlet 
or high pressure side and the outlet or low pressure one all goes 
to evaporate some of the moisture the boiler steam contained, as 
though the pressure falls at the reducing valve, no work is done by 
the steam thereat. 



224. ALTERNATIVE SETTING. — What is a reducing 
valve? How does it act? What effect has it upon 
the steam other than altering its pressure? Why 
generate steam at greater pressure than is needed 
hy.the engines? 

Ans. — A reducing valve is a spring controlled throttle valve, which 
is opened by compressing a spring to such an extent that when the 
steam from the inlet, or high pressure side, has passed the space between 
the two mitres and so reached the outlet (or low pressure side), the 
pressure there is /ess^ and as no work is done by the steam in passing 
the valve the drop in temperature results in some of the moisture 
being dried out of the saturated inlet steam. Thus, a reducing valve 
is a steam dryer as well as a pressure reducer. It is" to obtain this 
drying effect as well as to combat the fluctuations in pressure which 
would result in a quick revolution engine and a bailer of small steam 
space that such valves are employed. 

Figs. 85 and 86 show one of Auld*s " Quitetite " Reducing Valves. 
Fig. 86 shows clearly the spring and lever for opening the valve, while 
fig. 85 gives a sectional view. - 

High pressure steam enters at "inlet," acting between valve (4) 
and piston (i6), both of the same area, and .*. in equilibrium on this 
high pressure side. Reduced pressure is got by screwing-up adjusting 
nuts (21) until pointer (24) is opposite the figure denoting the required 
low pressure. Acting through lever (15) the extension of spring (26) 
opens valve and steam at reduced pressure passes to outlet side, and 
when the pressure here terlds to rise above that required it closes down 
the valve a little by acting on its back and the chamber (17) through 
passage (20). When the pressure tends to fall the tension on spring 
overcomes the force holding valve down, and so opens this out 
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again, allowing more steam to pass to the low pressure side, and in 
this way the pressure is kept even. A flexible diaphragm (10) makes 



Fic. 85. 

ft frictiiinless steam-tight packing, and is protected from the action 
of the steam by the water of condensation collecting in the lower 
parts. 
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Fig. S7 shows one of the ordinary type of Auld's reducing valves,- 
and the great difference between it and that shown in figs. S5 and 86 



lies in the greater controlling force of the " Quitetite " pattern in which 
the area open to the lower pressure is six times the area of the back of 
valvft and so a rise in pressure of only one sixth that needed with 
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fig. 87 doses down the vaive, and this makes the "Quit;tite" a much 
more accurate working valve. 

We show the older pattern because many steamers carry it, and 
candidates must understand its construction. 



226. Describe any automatic method of feeding ^vater tat>e 
boilers. Of vrhat material are the tubcB made ? 

Arts. — The automatic regulator as fitted to Eabcoclc & Wilcox water 
tube boilers consists of a hollow cylinder fitted just outside the steam 
and water drum, and parallel thereto, and which cylinder works in a. 
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liner fitted to a containing case bolted to the drum, being rotated for a 
certain amount of a revolution by means of a float and lever placed 
inside the drum. The cylinder has diagonal ports along its walls, and 
the liner it works in has corresponding ports. The containing case has 
two branches, one for a check valve and the other for a pipe leading to 
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Fig. 88. 



the check valve on drum. The action is as follows : — The feed enters 
by check valve V on regulator casing and passes to the hollow cylinder C, 
and if water in drum is low it goes through the diagonal ports, which 
will then agree with one another, and so on to the main check valve 
Vi and into the drum. As the water rises it carries the float up, and so 
turns the cylinder and the ports become partially closed. Thus, when 
the level is high in the drum only a very little feed can pass, and vice 
versa when the level is low. 

The tubes in all water tube boilers are made of the best quality 
mild steel, solid drawn, and sometimes they are of nickel steel. 

225. ALTERNATIVE SETTING.— With a water tube boiler 
-what requires very careful attention? Is anything 
fitted to perform this automatically, and if so describe 
a form it often takes ? 



j^fis, — The principal point requiring attention about water tube 
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boilers is to see that the feed supply is kept up without a break, as the 
amount of water in these boilers is so small that even a few moments' 
interruption of the feed may lead to damage, and, to assist in so main- 
taining the supply, what is called an "automatic feed regulator" is 
usually fitted (For the remainder of this question the answer already 
given will do.) 



226. Describe the construotion of any eteam turbine you are 
acquainted with -which is used on board ship. How is 
the expansion of steam effected ? How many propeller 
shafts are employed, and hoiv many propellers ? 

Ans, — The essential feature of the Parson parallel flow turbine is a 
shaft -carrying a steel drum upon which a series of blades or vanes 
radiate out. These are arranged in grooves and form rings of blades^ 
each blade being slightly curved across its breadth. This drum revolves 




OtS rnfftt 



^orofK 







^ TA ro/\ 







^ f^O m.L£ VAr/Ofif of At A OB S 



Fig. 89. 

within a fixed casing or " stator," the inside of which carries a similar 
series of blades fixed in grooves and so arranged that each ring of stator 
blades project down into the space between two rings of the moving 
blades on the " rotcwr." Steam being admitted at the high pressure end 
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" of the casing, or stator, comes in contact with the first row of the fixed 
vanes and is guided by these and made to impinge upon the first ring of 
moving blades (see fig 8g), which yield to the impact and move round, sub- 
sequently working past these and being received by the next set of guide 
or fixed vanes and deflected by these on to the next moving set, and so 
on right through the whole turbine. At the entrance end all blades are 
short and remain so for a certain number of rows, then a series of 
longer, broader, and flatter blades are met, these in turn becoming still 
longer.-etc, as each definite stage of the expansion is met, and at the 
same time the clearances between blade tips and casing, or rotor, and 
that between adjacent rings of blades, which were fine at the high 
pressure end, become greater as each expansion comes along, thus the 
necessary increase in volume is obtained to suit the expansion of the 
steam as its pressure drops in working through the turbine. 



[This figure shows the blades m position and secured at the ends 
by the binding wires, and it also shows the tips of blades thinned off, 
so that should they accidentally come in contact with the casing this 
tbin edge merely bends over and the blading does not experience such 
a tendency to be dragged out of its groove in the rotor.] 

In a definite high pressure turbine there are usually about 4 or 5 
expansion stages, and in a low pressure turbine there may be about 6. 

The turbine shaft is either coupled direct to propeller shaft or else 
carries the pinion wheel if a "geared" set of turbines is installed. 
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Taking the former, the thrust from the screw is balanced as follows : — 
Forward of the steam inlet is fitted a drum having a series of grooves 
turned in it, and from the casing there projects down into these grooves, 
with a minute clearance (see fig. 91), brass rings whose object is to prevent 
the steam escaping and to offer the reaction necessary to balance the thrust. 
Thus, the steam presses aft on the blades but requires something to 
confine it and so let it exert its pressure, and this is obtained by the 
above described "dummy" piston. As the thrust of the screw acts 
forward, the thrust of the steam via the blades acts aft, and so th^ 
one balances the other. Any unbalanced thrust as may be met 
when steam is just shut off, or opened up, is taken by a small 
thrust b^lock fitted forward of the main turbine. The shaft passes 




Contact Dummy Straps. 
Fig. 91. 

through the casing by what are called " steam glands," consisting of a 
number of rings projecting into correspondiiig grooves turned in that 
part of the shaft, and as the clearance is very small the steam in its 
effort to leak past falls to the atmospheric pressure, and so has no 
tendency to escape. The main bearings are much of the usual type 
and supplied with a forced lubrication. 

There are usually three shafts fitted in average sized vessels, 'each 
carrying a single screw of rather small diameter. Large boats have four 
shafts, whilst a " geared" installation has only one, and its screw is of 
the ordinary diameter and pitch. 

Note by Author, — Fig. 92 shows the modem development of turbine 
for vessels whose speed does not have to be so extremely high, but 
where it is still desired to take advantage of the economy of the turbine 
running at its own very high rate of revolution. In such vessels as 
cargo boats, etc., the propellers are of the usual size and turn about 
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60-90 revolutions per minute, and to enable this to be obtained with, 

turbines running about 1 500- c 700 revolutions per minute, gearing is 

resorted to as clearly shown in the figure. The turbo shaft carries the 

small, or pinion, wheel gearing into a very much larger wheel fastened 

on the propeller shaft, and a common reduction ratio is about i : 25. 

The figure shows the low pressure and reverse turbines opened out, and 

that seen in the background is the high pressure, and as the complete 

set forms one of a pair (the particular vessel being twin screw) it is seen 

there are two •' reverse" turbines, but four are available for headway 

propulsion. 

Plates VI. and VII. also show the arrangement of the several parts 

of turbine, and the following is a brief reference or key to the letters on 

these plates : — 

Plate VI. Plate VII. 

A Stator or casing. A Stator. 

B Rotor. B Rotor. 
C ** Dammy" casing and balance piston. C Ahead balance piston. 

D Main bearings. D Astern balance pistor. 

£ Thrust and adjusting block. £ Bearing. 

F Glands (steam packed). F Thrust and adjusting block. 

G Worm for governor. G Steam packed gland. 

il Exhaust to low pressure turbine. H Worm for governor. 

I Steam inlet. I Steam inlet from H.P. turbine. 

J Turbine drain K Astern turbine steam inlet. 

K Oil inlet. L Exhaust to condenser. 

L Oil drain M Low pressure manoeuvring steam inlet. 

M Bye pass connections. N Turbine drain. 

N Boss for relief valve. O Oil inlet. 

P Oil drain. 

It must be remembered that at the present day (19 16) details change 
fairly fast, and turbines are undergoing modifications and improvements 
in many respects, as, for example, a common style of up-to-date packing 
is to have rings of carbon held in position by springs on somewhat 
similar lines to ordinary metallic packing for piston and slide rods of a 
reciprocator. Such carbon packing replaces the "steam packed" gland. 
Plate VIII. is a general view of the installation of a twin screw geared 
turbine vessel. 

226. ALTERNATIVE SETTING.— Wherein does a turbine 
differ from a reciprocating: engine? Wliat benefits 
does a turbine possess? Can they be used in every 
class of vessel? 

Ans, — The chief advantage is in having no dead centres, as the 
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motion of a turbine is contuiaous rotation. Also, there being only the 
two bearings, and those running with forced lubrication suffer very little 
wear down, and in cons^uence last much longer than with a recipro- 
cator. The vibrations familiar with an inverted engine are absent, and 
if the turbine rotor is properly balanced there is little general vibration. 
If the turbine is coupled direct to the screw shaft they are not 
economical for slow speed cargo vessels, because a turbine should 
revolve at a quick speed, while the propeller should turn slowly for 
maximum efficiency, but by the introduction of gearing it is possible 
now to let the turbo run at its high speed, and gear down on to a large 
wheel upon the screw shaft. 

227. Is the same power in a steam turbine available to gro 

astern as to go ahead ? 

Ans, — Not as a rule is there as much sternway as headway power 
available, because in the average vessel only the two wing shafts carrying 
the low pressure turbos will have sternway turbines fitted, and though 
these are supplied from the boilers, when the headway steam is shut 
off,, yet being smaller and less in number results in the astern power 
being a good deal less than the headway. These remarks do not 
apply to warship work where the sternway power is much greater in 
proportion. 

228. Of what material are the propellers made in a steam 

turbine ? 

Ans, — Phosphor or manganese bronze is a favourite material as it 
combines great strength and ductility with a fair measure of lightness. 

229. How many lbs. of ooal per indicated horse po^ver per 

hour are burnt with turbine engines? Name the type 
of boiler in use. 

Ans.—r-As one cannot take the indicated horse power of a turbine, 
resource must be had to what is called the shaft horse power and the 
consumption is usually given on this basis. For a geared turbine the 
coals are about 17 lbs. per hour per shaft horse power and for the 
ordinary installation in average high speed vessels it runs about 1*5 to 
17 lbs. at full power. Ordinary cylindrical or Scotch boilers are 
largely used, but at the present day, and always in the Navy, water 
tube ones are fitted. 
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280. Describe one of the several classes of retrigeraXing 
machinery In use on board ship. Several types exist, 
one being more economical than the rest. Which is it ? 

Ans. — Which class of freezer is the most economical is a moot 
point, but it is often held that the NH3 or ammonia system is the 
premier, but the CO2 or carbonic acid gas one runs it very qlose and 
may under some conditions be actually superior to the NH3. Taking 
the ammonia process the actions are as follows : — The machine having 
been charged by attaching the steel bottle containing the liquid N Hg 
to the "charging cock," the compressor raises the pressure to anything 
from 150 lbs. to 250 lbs. per square inch depending on the temperature 
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of the sea. The hot compressed gas goes then to a "condenser" 
supplied with sea water and wherein by abstraction of heat the NH3 
becomes a liquid. From the condenser this liquid goes to the 
"evaporator," passing on its way the "regulating" valve. In the 
evaporator it returns to its gaseous state by expanding and absorbing 
heat from everything, in the cold hold or the brine tank. After leaviog 
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the evaporator coils it returns in a gaseous form to the suction side of 
the compressor and the cycle repeats itself. 



230. ALTERNATIVE SETTING.— What is meant by a freez- 

iag agent having good efficiency? Which of the 
follo'^ing is the best, cold air, ammonia, or carbonic 
acid gas? 

Am. — For a freezing agent to be really efficient it must absorb as 
large a number of thermal units as possible in its change from a liquid 
back to its original form of. a gas. Ammonia needs about 555 T.Us. 
per lb. to turn back to a gas while in the evaporator coils, whereas CO2 
only takes up about 124 T.Us. per lb. NH3 is therefore about 4 J times 
as efficient as COg. Air has no latent heat of evaporation as it does 
not liquefy, and in consequence much larger volumes and weights of 
the air must be dealt with to produce a desired cooling effect, because 
we can only deal with the drop in its temperature or sensible heat. 

231. Describe the defects to which the selected type is 

subject. Ho-w are the defects overcome ? 

Ans, — With an ammonia plant the two serious defects are first, if 
the gas escapes into contact with the cargo this may be spoilt, and, 
second, that no copper or brass must be allowed anywhere in contact 
with ammonia, as this exerts a destructive effect upon anything contain- 
ing copper. Therefore all valves, cocks, etc., where ammonia passes 
must be of cast iron or cast steel ; all coils, etc., to be of wrought iron or 
mild steel. To overcome leakage spoiling cargo, pay instant attention 
whenever the nose detects a leak of NH3 in a part of the hold pipes. 
Burning sulphur near the suspected part will when the escaping NH3 
meets the sulphur cause a discoloration in its fumes. 

With a CO 2 plant about the only drawback is the one of possible 
leakage at the compressor valves, piston rod gland or piston leathers, 
due to the very high pressure. If the latter, generally npw leathers 
have to be fitted, and if the gland leaks it may be stopped by screwing 
up a little, otherwise new packing must be fitted. With leaky valves 
the remedy is to regrind them. 

232. How frequently are the parts opened out for examina- 

tion? Name the parts. 

Ans, — It is customary to overhaul the freezer machines on the out- 
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ward nin of the vessel, or in port after the cargo is removed, should 
time permit. If possible all such as compressors^ etc., should be over- 
hauled, say, about every month or 6 weeks, and about every 6 months 
overhaul the condenser and evaporator. 



238. How frequently are the condensers of refrigerating: 
plants opened for examination? How frequently are 
the coils tested by hydraulic pressure? On which 
side of the coil is corrosion most commonly foimd? 
Why should this be po ? 

Ans, — The condenser and evaporator coils should be opened up 
and inspected, if possible at about six months' intervals, but a hydraulic 
test is not advised. 

Compressed air up to about double the working pressure is much 
better, as there is then not so much moisture to remove from the inside 
of the coils, as would be the case with a water test. If bubbles of air 
are seen escaping when the coil under the air pressure is placed in a 
tank of water we know where the leak is by tracing back to their origin. 

Coils usually corrode on the out or water side with an ammonia 
machine, as the wrought iron or mild steel is liable to a heavy corrosion 
from the sea water, but the copper coils of a CO2 plant do not do so. 

234. Where ammonia is used in refrigerating machinery, 
should the machinery by preference be isolated? 
Why? In reply give what information you possess 
bearing on the matter, naminlg the ships for purpose 
of identification. 

Ans. — It is preferable to have the ammonia freezing plant isolated 
from the main engine room, because if an accident happens and allows 
the gas to pour into this latter it will most likely drive. out all the 
occupants of the engine room. Ships often carry a diver's helmet and 
air pump which can be used to enable one to get at the broken down 
plant, but a hose vigorously played about the engine room will soon 
absorb the ammonia gas and convert it to the liquor NH3 which can 
be pumped out. If the plant is isolated, however, thfe freezer attendant 
can escape and close off the chamber behind him. 

Note by Author,— T^^ latter part of this question must be answered 
or not just as the candidate may happen to have been with an NH3 
freezer and if there should have been any breakdown with this same. 
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234. ALTERNATIVE! SBTTINQ.— If ammonia plants be placed 
in the main eng^ine room, ^vhat may resnlt? 

Ans. — (That already given will do.) 



Fic. 94.— Hall's Vertical Single Marine Type CO, Freezer. 

236. Explain hovr the ammonia ie removed ftom the tubes 
in irliicli it is supplied, and hovr passed into the 
refrigeratinjf machine. 

Ans. — When charging a new machine we must see that all air is got 
out of it, to do which disconnect the pressure gauge from the compressor 
discbarge, pipe, next close the valve upon the pipe leading to condenser 
coils (see fig. 86) and start the machine. The compressor acting as 
an exhausting air pump draws the air from all the condenser and 
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evaporator coils and so lowers the pressure. After a short time couple 
up the gauge, open discharge valve and then the bottle of NH3 can be 
attached to the "charging cock" just before the evaporator coils, being 
suspended by a spring balance so that the weight of gas supplied can 
be noted. Close the regulating valve to keep pressure off bottle. By 
opening cock on bottle and charging cock, the ammonia will by reason 
of its excess |M*essure flow into the coils, bjeing helped by the suction of 
the compressor. As the pressure rises upon the discharge side we obtain 
the knowledge as to when the plant is charged. The charging cock 
and cock on bottle are closed and regulating valve opened and the 
system is in working order. 

Note, — One bottle will not be enough to charge a new machine, 
but the process is the sanfe, however, many bottles being required to give 
the full pressure. Before removing a bottle close charging cock and 
re-open when the next bottle is attached* 



288. What objeotion id there to the presence of water in the 
ammonia? 

Ans, — As water is very greedy for ammonia ( i ^ol. water will absorb 
about 800 vols, of NH3) it would absorb a lot of this agent and so the 
efficiency of the plant would fall. Also the water would form ice inside 
the evaporator coils and might in time entirely choke these. 

237. Describe the ammonia process of reoperation. 

Ans, — Note by Author, — This h9.s practically been answered by 
what was written for question 230, but in addition thereto a few details, 
can be added to the candidate's answer to, this question (237). 

With an ammonia piant there are fitted both an oil collector and a 
rectifier. As the hot compressed gas leaves compressor, it goes to the 
oil collector in which the oil falls from it and the gas passes to the 
condenser. From the collector the oil is taken to a rectifier in which 
any ammonia gas it may have is drawn away" by the suction side of 
compressor being connected to the rectifier, the oil being periodically 
drawn off. 

238. Of "^hat material are the parts made -which are in 

contact with the ammonia ? 

Ans, — Only iron or steel such as wrought or cast iron, cast or mild 
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steel mast be used, as nothing having copper in it will withstand 
ammonia. Should copper be present, corrosion occurs leading to its 
destruction. 



238. ALTBRNATIVB SETTING.— Is white metal allowable 
in places -where ammonia is present ? Is copper ? 

Arts, — No copper is allowed as the ammonia turns it to a more or 
less spongy green mass and therefore no white metal is permissible as 
this contains a certain amount of copper. 



239. Are escape valves fitted to the compressors of ammonia 
machines? 

Ans. — ^Not as a rule owing to the gas being such that it does not do 
to allow it to escape in any large quantities where there is human life. 
If an escape valve can be fitted with a gas tight hood and pipe leading 
the NH3 clear, then escape valves could be fitted. 



240. What is the maximum pressure found In the com- 
pressors of ammonia machines? 

Ans, — The pressure at which the plant works depends on the 
temperature of the sea circulating water, but about the highest 
pressure is 250 lbs. per square inch, and for which the sea would 
have to be about 95° 



241. What kind of pressure and other oranges are used in 
ammonia machines ? 

Ans, — The pressure gauges' are marked in lbs. per square inch, on 
one scale of figures and on the second scale, marked in red, are given 
the temperatures equivalent to the pressures they are opposite. Two 
such are usually fitted, one on the delivery from compressor and the 
other on the suction side, recording the pressure on leaving evaporator 
coils. The tubes and connections to these gauges must be of steel to 
avoid corroding. Thermometers or temperature gauges should be 
fitted to inlet and outlet of the condenser to note the amount of heat 
abstraction by the circulating water. 
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242. Explain how carbonic acid is removed from the tubes 

in which it is supplied, and how passed into the 
refri£:eratin£: machinery. 

Ans, — The CO^ bottle (or tube) is suspended valve downwards 
from a spring balance recording its weight. The valve is connected by 
a copper pipe to the charging cock on machine just before the evaporating 
coils and on opening both valve and cock, the CO 2, by reason of being 
at a higher pressure, passes into these coils and so to the compressors. 
It is necessary to close the regulating valve beforehand in order to keep 
the pressure ojff the bottle, and to get as much of the gas out as possible 
hot water is poured over the bottle and assists in driving out the gas. 

During this process of' charging, it is necessary to run the compressor 
as an exhausting pump, drawing from the evaporator coils and so 
** pumping down" and reducing the pressure enables the CO3 to 
more readily pass to the system. '(Note by Au/AoK-^See answer to 

Question 235.) 

* 

243. What objection is there to the presence of w^ater in the 

carbonic acid? 

Ans. — The water would form ice inside the evaporator coils and so 
choke them and lower the efficiency of the system ^and also some of 
the gas would be absorbed by the water. 

244. Describe the carbonic acid process of refrigeration. 

Afts, — A carbonic acid gas freezing plant consists of three important 
parts, or divisions, viz., the compressor into which the gas is drawn from 
the evaporator and compressed up to from 900 to 1 200 lbs. per square 
inch. The condenser, consisting of coils of copper pipes immersed in 
a tank through which sea water circulates and the hot compressed gas 
entering these at the top is by abstraction of its latent; heat converted 
to a liquid, whence it issues from the condenser and passing the 
regulating valve goes to the evaporator coils, either in the holds or else • 
in a brine solution. In these evaporator coils the liquid CO2 returns 
to its gaseous state by absorbing heat from everything there is surround- 
ing them and this lowers the temperature to as much as 80** below 
freezing point, if needed When brine is used it is circulated through 
the pipes in the hold by a special brine pump, and with this method a 
less charge of CO2 is required than with the direct expansion system, 
which is the one where the evaporator coils themselves are in the holds. 
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245. Of vrlOLBX material are the parts made w^hich are in 

contact vrith the carbonic acid ? 

Ans. — They can be made of copper, brass, iron or steel, as CO2 
has no destructive effect upon coppet. The compressors of Messrs. 
Hall's machines are made of solid steel forgings bored, or else are cast 
in a special bronze. The condenser coils are either of wrought iron 
or copper. 

246. Are escape valves fitted to the compressors of carbonic 

acid machines ? 

JrtS, — Yes, because this gas is not so harmful in moderate 
quantities to human beings as is ammonia gas. The escape valve is a 




small, spring-loaded valve protected below by a thin disc of copper 
which must be burst through by the excess pressure before the valve 
can lift. 



247. What is the maximum pressure found in the com- 
pressors of carboniq acid machines? 

Ans, — The maximum pressure is about 1200 lbs. per square inch 



and this would be required for a sea-water temperature of 



1200 



15 



^8o'. 



247. ALTERNATIVE] SETTING.— If the sea water rose 10% 
how much would you increase the pressure with a 
C O2 plant ? Why is an increase of pressure necessary ? 

Ans. — As the pressure increases about 15 lbs. per 1° rise, there 
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woald be 10 x 15 » 150 lbs. per square inch more. The reason is that 
the sea water which circulates through condenser must always be lower 
than the temperature of the gas, and therefore if the water rises we must 
increase the pressure and consequently the temperature of the gas, so 
that it may still be higher than the water, as if not, the latter cannot 
extract enough heat from the former so as to liquefy it 

248. What kind of pressure and other gauges are used in 

carbonic acid machines? 

Ans. — ^The pressure gauges are of the same construction as what 
are used for steam, only the scale of pressures is marked off in 
** atmospheres," />., divisions of 15 lbs., and it should go as high as 
about 90 atmospheres. They have a scale of temperatures corresponding 
to the particular pressure. One gauge must be fixed on the delivery 
pipe from compressor, and the other, which need not have such a high 
limit, is fixed on the suction side. Temperature gauges for inlet and 
outlet firom condenser should also be fitted to record sea temperature 
and temperature of discharge. 

249. In iKrhich type of machine is brine used? What is its 

density ? Where does it circulate ? 

Ans. — Brine can be and is used with either COj, or NH3 machines, 
and in both cases consists of a solution of common salt (chloride of 
sodium) or else chloride of calcium (lime) ; the latter is better as it does 
not cause such heavy corrosion of the iron evaporator coils as does 
the salt solution. The specific gravity of a brine solution should be 
about 1*25, or i gallon should weigh 12 J lbs. instead of the 10 lbs. 
weight of I gallon of fresh water. 

249. ALTERNATIVE SETTING.— About what difference in 
temperature is there in the incoming brine over the 
outgoing? If the brine solution be made with common 
salt (chloride of sodium) what should be added to 
minimise corrosion? 

Ans, — The diiference in the two temperatures ought to be only a 
few degrees, say about 4' to 6". If the liquor be formed with ordinary 
salt, add i lb. of caustic soda to every 100 lbs. of the chloride of sodium 
used 
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260. Are flEtns for circulating air used in any of the refriger- 
ating processes ? If so, why are they necessary ? 

« 

Ans. — If the freezer installation is upon the " Battery " system, fans 
are employed as follows : — The evaporator coils of either the CO2 or 
NH3 machines are placed in a special room or chamber before the 
holds are reached and electrically driven fans force air over all these 
coils and along trunks to the holds in which the chilled air is distributed, 
and by absorbing heat in the ordinary manner becomes warmed and is 
led back to the suction of the fans. The main advantage of this 
system is that the moisture of the air as it freezes deposits in this special 
chamber and not upon the cargo and this is very beneficial with 
fruits, etc. 

JVo/e by Author, — The following is a brief description of a modern 
cool air system of keeping fruit holds at a moderate temperature. The 
evaporator coils arranged in a brine tank cool this down, and the liquid 
is then sent by a brine pump to the air cooling grids formed of wrought 
iron pipes situated in such places that electrically driven fans can 
circulate air over the grids, and the chilled brine absorbs heat from this 
air, which is then driven along trunks and discharged into the fruit 
compartments by a system of adjustable "louvres," being afterwards 
drawn to the fans through other louvres and trunks on the opposite 
side of the ship. The fruit spaces are insulated with granulated cork, 
and are so arranged in divisions that a continual circulation of the cold 
air is ensured about the sides as well as above and below the bins in 
which the fruit reposes. 

260. ALTBRNATIVB SETTING.— What is meant by the 
'* Battery " system of refHgeration ? What advantages 
has it ? What kind of cargo needs such a method ? 

Ans. — (That already given will do.) 

251. What means are in some cases employed for ascertain- 
ing the temperatures of refrigerating chambers 
without entering them ? 

Ans, — Long pipes very similar to sounding pipes are fitted to the 
holds, and their mouths where they reach the deck are closed by a brass 
plug screwed into a brass casting sunk flush with the deck. To the 
plug is attached a cord carrying a thermometer and this should hang so 
that its bulb is clear of the bottom of the pipe down in the hold. 
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When- unscrewing plug and lifting thermometer to note its reading, do 
so and replace again as quickly as you can in order to avoid too great 
a rush of heat into the hold. 

Note by Author, — In the following paragraph is outlined a good 
modem system of controlling hold temperatures worked with a carbonic 
acid gas machine, but ammonia can be used on the same principle. 
The evaporator coils are placed in a smallish tank of brine, and by 
the liquid CO2 evaporating this briqe is cooled to a very low 
temperature, and is known as "freezing brine." Another brine tank 
acts as a reservoir, and having all the returns from the various coils of 
piping or grids, which are placed in the cold holds, led to it, the brine 
within is at a fair temperature ; in fact, is warm in comparison with the 
other. From this reservoir three sets of mains lead to suction valve 
boxes for the brine pumps, one suction being known as the " freezing 
brine " one, and which supplies the first mentioned brine tank above ; 
other suctions are called the "thawing brine" and the "chilled brina" 
The freezing brine issues from its tank fit to circulate through the grids 
in the holds and bring their temperature as low as desired, perhaps 
down to 15'' F. But it is not necessary to always have holds at such a 
low degree, and so the chilled brine service is brought into use and 
goes direct to the hold grids, whereby the temperature of the holds can 
be kept at, say, 30* to 40° F. by "attemperating," which consists in 
allowing a small quantity of freezing brine to mix with the larger quantity 
of chilled brine at a special mixture valve having a thermometer upon 
its discharge. By the fine adjustment of this valve, brine at an exact 
temperature suitable for abstracting just so much heat from the hold 
and contents can be obtained. The third or " thawing brine " set of 
mains allows brine to be drawn from the reservoir, sent through a 
steam heater, and then into the grids, the freezing and chilled brines 
having, of course, been first shut off. This hot brine heats up the 
grids and holds after they have been washed down, and dries the whole 
place ready for the next cargo. 

262. What effect may the s'^ahbing of the compressor 
piston ]*ods have upon the -working of refrigerating 
machinery ? 

Ans, — Any effect on cargo from swabbing compressor piston rods is 
only of importance with cold air machines, these being the only ones 
where the actual freezing or cooling agent comes into direct contact 
with the cargo. As the compressed air is at a high temperature, it is 
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quite possible . that a slightly burnt . smell may come off from the oil 
used in swabbing ahd which most likely will taint the cargo. In an 
NHg machine there is a tendency for. the ordinary lubricating oils to 
form a species of emulsion by contact with the ammonia. 



253. What is a rectifier ? Explain its use. 

ft 

Ans,— This consists really of a drain tank to receive the oil, and 
any ammonia it may contain as it comes from the "oil collector " of an 
NH3 machine. . The oil having congregated in the bottom of the 
collector is led to the " rectHier '^ and a pipe leads from this back to thp 
suction side of the compressor and thus the gas is induced to pass 
away from the oil, resulting in a purifying of this latter and a saving in 
ammonia. A cock is fitted between the collector and rectifier and 
worked by special gear, as it is only at periodical intervals that the oil 
and atiimonfa from the collector should pass to be rectified. 

\ 

254. Describe the cold air process of refrigeration. 

Ans. — Refrigeration by the cold air process is carried out as 
follows : — A double acting steam driven air compressor raises the air to 
about 60 lbs. gros;s pressure and a temperature of about 30P** F. On 
leaving the compressor this hot air passes to a "cooler" consisting of a 
coil of pipe surrounded by sea water, and in this cooler the temperature 
is reduced to about 80" F. whilst the pressure is maintained. On 
leaving the cooler the air passes through a drying chamber in which the 
moisture it contains is abstracted and it passes on to an " air expansion 
cylinder " whose object it is to lower the temperature of the air by 
allowing it to do work, and as the piston and connecting rod, etc., 
drive on to the same crank shaft as what the steam cylinder does, the 
air is enabled to return some of the work the steam engine put out. 
By so doing the temperature of the air may, according to the cut off 
arranged in the expansion cylinder, fall as low as 8° below zero or even 
lower, ^nd it is then exhausted at a lb. or so above atmospheric pressure 
and passes through a " snow box " or dryer and thence by trunks fitted 
with flap valves away to the bottom of the ship's holds By absorbing 
heat here the air gets lighter and rises and passes by a system of return 
trunks and valves, back to the suction of the compressor and thus the 
same air is circulated round and round. To charge a cold air machine 
at first, the suction is opened on to the atmosphere, but afterwards it ia 
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,the return air from the holds that is used and this air often passes 
round the first drying chamber and by its slight warmth assists in 
expellmg the moisture from the compressed and cooled air. 

255. Of T^hat material are the air suction and delivery valves 

of a cold-air machine xnade? ^Hovr are the valves kept 
on their seats? 

Ans, — The suction and delivery valves are usually made of bronze 
or gun metal and held to their seat by means of lightly made steel 
springs. 

* 

256. HoTv many compressors are there to a cold-air machine ? 

Ans, — The number of compressors per machine varies with the 
amount of work it is designed for. Qne double acting compressor is 
usually fitted to smallest machines and the number increases to three 
and even four in very large plants. 

257. What is the duty of the expansion cylinder of a cold-air 

machine? 

Ans. — Its duty is to take the compressed cooled air as it leaves the 
first dryer and by arranging a sharp cut off by means of the separate 
expansion valve fitted to this cylinder the air expands very mudi in 
doing work within it and hence its temperature falls to as low as So" F. 
below zero and then it is discharged through trunks to the holds. This 
very low temperature allows the air to absorb some heat from the 
trunks, etc., as it goes through them and still lets it arrive in the holds 
sufficiently cold to chill them down as well. 

257. ALTERNATIVE SETTING.— How is the air lowered in 
temperature in a cold-air machine? What kind of 
valves has the particular part? How is the temper- 
ature of the exhaust air reg^ulated ? 

• 

Ans. — When work is done by an agent it loses heat thereby, so the 
compressed air is sent to a cylinder wherein it drives a piston and by 
reason of the main and expansion slide valves being arranged for a 
very sharp cut off, only a small quantity is allowed to pass in and there- 
fore it expands greatly, falling thereby in pressure and temperature and 
exhausts very cold. If a later cut off is arranged for, the air temperature 
is higher and vice versa, ^ 



c 
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258. What objection is there to the presence of moisture in 

the air passed througrh the cold-air machine ? . 

Arts. — The presence of moisture in the air forms a kind of sleet or 
semi-frozen slush to accompany the air to and from the expansion 
cylinder, wherein it is apt to do serious damage by chokage before it 
actually leaves this part. 

259. How is watelr to some extent removed from the air? 

What is the minimum temperature of the air ? 

Ans. — Cocks are fitted to the air cooler and to the "dryer" just 
after the cooler; these should be opened abou^ twice every hour and the 
water blown out. The temperature of the air as it exhausts from the 
expansion cylinder may be as low as - So"* F., but usually a temperature 
of about— 40' to - 60" F. suffices here. 

260. What is the maximum pressure found in the com- 

pressors of cold-air machines ? 

Ans.-^AhoMt. 60 lbs. gross, per square inch is about the usual 
maximum, but occasions/may arise where this goes up to about 70 lbs. 

261. What kind of pressure and other gauges are used in 

cold-air machines? 

Ans. — Two ordinary Bourdon pressure gauges marked in lbs. per 
square inch are generally fitted, one for the steam supply and one for 
the air on delivery from the compressor. If the plant be a large one 
having its own condenser, then a vacuum gauge will be fitted as well. 
Thermometers should also be fitted to register the air temperature 
before going to the holds. 

262. In refrigerating engines generally, where is the exhaust 

steam led ? 

Ans, — If the plant is small the exhaust may pass to the main 
condenser, and though this answers all right while at sea, yet in port 
with the main engines stopped the necessity for an independent 
condenser arises and it is better to always have this and send the freezer 
engine exhaust to it. With a large plant this latter is fitted and used 
all the time. 
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282. ALTERNATIVE SBTTING.-If ice is required can the 
exhaust steam be used? What must be done with 
it first? 

Ans, — If all the oil and dirt are thoroughly removed from the steam 
it can be condensed into pure fresh water and then sent to the ice 
tanks, and freezing thereii^ forms a clear ice. 

263. Cold-air chambers on board ship are insulated. How, 
and why? 

Ans. — To insulate the holds against heat passing into them, stout 
walls of well-tongued and grooved boards are erected, the outer one« few 
inches oflf the sides of the ship and the inner one several inches away 
from the other, the space between beipg next tightly packed with 
such as charcoal or powdered cork, asbestos, etc. Often there is an air 
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space left between the wall next ship and first inner wall, which is now 
a double thickness of boards having sheets of thin iron or zinc and 
paper between them. Then comes the larger space for charcoal, etc., 
and finally another, or second inner wall of two board thickness. 

This method of insulation is adopted over every part of the hold. 
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over tanks and under decks as well, and its object is to compel the 
freezing agent to only absorb heat from the air and cargo «//Vi^//» the 
hold and to prevent a constant pouring in of heat from the outer 
atnjosphere. ^ ' > 



263. ALTERNATIVES SETTING.— If the evaporator coils of 
a freezing plant -w^ere arranged in an ordinary hold, 
would the cargo be chilled down as usual? If not, 
W/hynot? 

Ans. — The liquid Qvaporating in the coils takes in to itself heat 
(both latent and sensible), and this it gets from whatever surrounds the 
coils, therefore in an uninsulated hold the heat would pour in from 
ship's sides, decks, etc., instead of merely from the cargo itself and so 
the temperature of this latter would remain very much higher than 
desired. 



284. Is it pWdent to allow the "wires of an electric circuit to 
pass through the insulation ? Explain fully. 

Ans,-r^lX. is most unjvise to allow electrit light wires to pass through 
the wooden walls, as there is generally some moisture present about 
these, and which in time would lead to destruction of the insulation of 
the cables or wires and thus allow leakage of the current and perhaps 
sparking to occur with its subsequent risk of fire. If wiries must go 
through insulated holds, let them be covered with lead sheathing and 
run through steel tubes. 



265. Describe the construction of a feed water heater, and 
give the name of its manufacturer. 

Ans. — Note by Author, — The candidate should answer this by 
describing the construction of the actual one he has been with, but the 
following is a good description of a Weir's "Injection" heater and 
shows what is wanted in an answer. {See fig. 99.) 

The heater "consists of a cast iron qbamber having at the top a 
spring controlled valve, through which the feed enters, being sprayed 
and falling through small holes in an internal cone it descends as so 
many fine jets. Surroundiil^ this cone is a perforated cylinder and the 
annular space formed between this and the heater body is supplied 
with the heating steam through a non-return valve at side of heater, 
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thus quickly raising the temperature of the water by yielding up the 
latent and some of the sensible heat contained in the steam from the 
exhaust of auxiliary engines as well as some from low pressure casing. 
This steam condenses and the two lots of water fall to the botton> 



Svlmn t»Pumfi. 

of the chamber whence they are removed by the feed pumps, whose 
speed is controlled by a float actuating the steam valve for these, tbia 
lesulting in the float rising as the heater fills and so opening' more steam 
to the pumps which in turn work faster and so keep the water down> 
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As with this heater the water is freed of air by its being sprayed, a 
connection is made at the top of chamber, and leading to condenser 
whereby this air can be drawn away. 

Note by Author, — Fig loo shows one of Weir's " Multiflow'' surface 
heaters used where from lack of head room or Other cause the direct 
contact heater fig. 99 cannot be fitted. The most economical source 
of steam supply is that of the exhaust from the auxiliaries and it is to 
be noted that this heater must be placed between the feed pump and 
the boilers and is therefore subject to boiler pressure. The heating 
surface consists of copper tubes, 12 W.G., and of such a diameter that 
enables- them to be securely expanded into cast iron heaters or tube 
plates. The entire element of tubes is free to expand, being held only 
at the upper end, and if it is necessary to shut off the heater at any 
time, the feed can be sent direct to boiler by a bye p>ass Valve arranged 
with the inlet and outlet valves at the cover end. 

Plate IX. shows three arrangements of Weir's heaters in connection 
with single screw, twin screw, and turbine installations and these well 
repay a study of the positions which have been found tbe best for 
ensuring the heated feedlDeing properly taken by the feed pu-mps. 

Fig. 1 00a shows one of the older type of Weir'5 surface heaters. 

266. To about -what temperature is the feed -water raised. 

by passing through a feed heater ? 

Ans, — The temperature should theoretically or ideally be that of the 
boiler water, but owing to difficulty in obtaining this and pumping it, 
temperatures of about 200° to 270° F. are more common. 

286. ALTERNATIVE SETTING.— What may be said to be 
the '* ideal" temperature for heating tdie feed to? 

Why is this not obtained in practice? 

■ 

Ans, — (To what is given already add.) It costs too much in live 
steam to obtain this high feed temperature, as in every case there is a 
species of " mean" point whereat the gain in the boiler by hot feed is at 
a maximum for the mimimum of cost and beyond this the gain is less 
proportionately to what it is costing. 

267. What fittings are usually placed on a feed heater? 

Why are they necessary ? 

Ans, — The following are generally found on heaters, viz,^ inlet and 
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outlet valves for the feed, in case the heater has to be laid off and feed 
sent through bye pass and valve direct to the boiler. Inlet valve for 
heating steam, and if heater is one of the "surface" or tube type, then 
a drain valve or eock fqr th« condensed heating steam to pass to hot 
well. Relief valve to lift at a predetermined pressure, gauge glass to 
show "height of water in heater, pressure gauge, soda cock and perhaps 
a scum\cock as well. 



268. Describe any well-known ash ejector. 

Ans. — The best known ash ejector is that of "See's," consisting 
of a trough supported from the stokehold floor and having a grid tx. 
its top and a lid to close down also. It is supplied with water through 
an "ejector" cock at a pressure of anything from about 150 lbs. to 200 
lbs. per square inch pressure and in line with this jet which is directed 
upwards there passes a pipe of fairly large diameter havirfg a bend of 
large radius and fixing to a flap valve bolted to the ship's side above the 
water level. 

To discharge the ashes, first open this side valve by means of the 
rod passing Sown into stokehdld. Start special donkey pump and raise 
pressure to about 200 lbs. per square inch on its own pressure gauge. 
See that grid is in pldce and hopper empty, then open " ejector " cock, 
when the water will rush away up the pipe and overboard. Now shovel 
in the ashes, taking care that large pieces of clinker do not pass down, 
and they will be instantly caught arid carried overboard. An air valve 
is fitted, and it is as well to admit a little air as it softens the working and 
an escape valve is combined with the ejector cock so as to open and 
relieve pressure should a chokage ensue. (See fig. 104, page 202.) 

288. ALTERNATIVE SETTING— If an ash ejector is not 
fitted, what takes its place ? 

Ans, — There is often fitted an apparatus of the hoist pattern, such 
as Crompton's "atmospheric silent ash hoist," a brief description of 
which is as follows:— One of the veatilator tubes is used for the ash 
buckets to travel up and down, and running parallel is the vacuum pipe, 
which being copper lined ha^ a smooth internal surface, in which works 
a flexible cup piston to which is secured a steel rope that passes over a 
swivel head at the top of the tubes, and carries the ash bucket in the 
ventilator. An ejector is fitted, which when the ship is in port is worked 
by steam from either the donkey or a main boiler, and by exhausting the 
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tube of air a vacuum is formed and the atmospheric pressure on top 
of the piston pushes it down, thereby ^raising the ash bucket A slight 
movement of the ejector handle bisickwards destroys the vacuum and 







Fig. 104. 

the weight of the empty bucket -brings this down again to the stokehold. 
When at sea, the steam for fiir exhausting is shut off and the- handle of 
the ejector change cock put over so that communication to the main 
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condenser can be made and thus the vacuum tbereui is enabled to 
operate the hoist. 

269. Describe any well-known independent feed pumps. 

.^«.-^Weir's are amongst the best known and most widely used of 
independent feed pumps. They consist of a steam cylinder mounted 
vertically above the pump chamber, and of a diameter slightly larger 
than this latter, so that if the discharge from pump becomes " nipped " 
ihe water and steam pressures almost directly balance each other and 



FIG. 105. 
there is no breakage as pump stops. Steam is admitted to the cylinder 
by two valves, one the " main " valve, working horizontally and being 
circular at the two ends, but having a flattened back upon which works 
the "auxiliary " valve in a vertical direction. The main valve is moved 
to and fro by steam admitted between either end, and the " cap " it 
works in and this steam are controlled by the auxiliary valve, which 
latter also cuts off the main supply of steam to the pump cylinder. 
The main valve having passages through it which correspond with the 
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respective ports, etc., leading to top and bottom of cylinder as well as 
an exhaust port, and in working, the first action of the auxiliary valve 
is to admit steam to blow the main valve either to the left or to the 
right, and so open communication to the bottom or the top of cylinder, 
and, at the same time, open the j)ther passage to the exhaust. The 
auxiliary valve having a trifle before this opened up the steam ready to 
pass through the main valve and to cylinder as soon as th$ horizontal 
movement has taken place. This auxiliary valve is worked by a spindle 
parsing down through a stuffing box and whose lower end is taken by 
a rod and adjusting screw, which receives vertical motion from an arm 
fulcrumed on the front stay of the pump, and moving up and down 
with the crosshead. As the main valve can only rest to the left or to 
the right, one or other passage must p-lways be open for steam to the 
cylinder, and hence there is no dead centra with these pumps, which 
are double acting and have the suction and delivery valves in groups,- 
8 suction and 7 delivery, which thus sharpens up the discharge and 
makes it more regular. 

{Note by Author. — Greater details as to the valves of Weir's pumps 
will be found in Brown^s Slide Valve for Engineers.)' 

270. Are independent feed pumps automatic in their action? 

Explain the action. 

Ans, — As a i^ule independent feed pumps are automatic in action, 
this being effected by a float fitted either in" the heater, feed tank, or 
drum of a water-tube boiler. The float is connected \with the steam 
valve of the pumps, and as the water accumulates in heater or feed 
tank the float rises and so opens more steam on to pumps which work 
faster and so remove the water, but with the float in the boiler a rise of 
water level is made to .shut down the steam valve a little, and hence 
less feed is sent into the boiler. As the level fills, the valve^ opens and 
the pumps set away faster, thus feeding up the boiler. 

271. What advantage, if any, have independent fee^ pumps 

over feed pumps -worked by the main engines ? 

Ans, — The advantages are several, amongst which must be mentioned 
ability to deal with hotter feed diie to the speed of pump being slow, 
facility for overhauling without stopping main engines, less air sent in 
with feed water, due to the pump being able to be kept in a better con- 
dition than the averiage engine-driven pump, and it is claimed that less 
power is taken to operate them, but as to this it is not always the case. 
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'271. AXiTBRNATIVB SBTTING.— If you desired to use a 
foed pump tbat allowed less air to pass into boiler 
what type would you select? Wliy ? _ ' 

Atis. — (That already given will do.) , 



272. Describe the oonstructiou of a feed Alter, enumerating 
its valves and cooks. 

^«j.— Whilst the actual construction varies with the individual 
maker, still the principles remain the same always and consist of having 
a cast iron chamber containing the filtering material of either coir, 
towelling, or cloths through which th^ feed is forced and any dirt or 
grease left behind on the filtering material. The chamber is fitted 
with inlet and outlet valves, and bye-pass pipe with valve, and also 
carries pressure gauge, drain cock, ateam and soda cocks, for use when 
cleaning filter, and an air cock. 



Messrs. Railton, Campbell & Crawford's filter consists of a cast iron 
chamber carrying intet and outlet valves^ also the filtering material. A 
bye-pass, cock for draining, and a removable door, and to operate this 
filter proceed thus. To start, first open outlet B and then open inlet A, 
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thus allowing the feed water to pass through filtering chamber D and 
outlet valve B, and so on to the boilers. When blowing the filter 
through, shut down valve A on bottom seating first, and then shut ff. 
Open drain f, and then open A a little, this washes outer part of filtering 
<:hamber D. Shut A and open B, t^hus cleaning the inner part of 
chamber 0« When changing filtering chamber D, shut down A, and 
then B, open drain £ and take off door F, draw out the filtering chamber 
D, and replace by the spare one. Then put on the door F, shut drain 
cock £, and start as above. 



278. How can the filter be cleaned? What ingredients are 
Srenerally removed when cleaning: takes place ? 

Ans» — Before starting to clean a filter the feed must be sent via the 
bye-pass pipe to the boiler, so first open this valve and then close the 
inlet and outlet valves on the filter itself. If a thorough cleansing is 
desired, take off the door and remove filtering material and either 
substitute new or else boil well with soda the old cloths, etc., and when 
clean replace in position. Tighten down the door again and open up 
inlet and outlet' valves, a/fer which the bye-pass may be shut. If, 
however, we do not wish to remove the filtering medium, then proceed 
as before with the valves, but^ now put a strong solution of soda in 
through the soda cock, and by means of the steam cock boil the whole 
lot for a time, after which open the drain cock and allow the sludge 
which has collected at the bottom to be blown out. 

The ingredients usually found consist of oil, grease, mud, etc. 

278. ALTERNATIVE SETTING.— How can you tell when 

the filter needs cleaning? Is the normal pressure 

shown on their gauge the same as the boiler pressure ? 

. If you saw the pressure suddenly drop, what would 

you know had happened ? 

jlfis, — The pressure in the filter, even when quite clean, is always 
some lbs. higher than the boiler pressure, due to resistance of the 
towelling, coir fibre, etc, but when we observe it to get, say, 30**/^ or 
50°/^ more, it is high time the filter was laid off for cleaning, as the 
excess pressure tells us the water has great difficulty in passing through 
the dirty cloths, etc. If filter be not cleaned, the escape valve on 
pump chamber will blow and feed water be lost. 

If the pressure suddenly drops it indicates that the dirty cloths 
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have ruptured owing to their inability to withstand the excessive 
pressure, and the filter, in consequence, is quite useless until new cloths 
have been inserted. 



274. What is the intercepting material in a filter made of? 
How is it fitted ? < 

Arts. — The filtering material may be either coir (cocoanut fibre) 
coarse and fine towelling, flannel, or other woojlen substance, and 
sometimes a species of felt. The ways of fitting the filtering material 
^re many, but all depend upon the placing of the cloths, etc., over 
perforated brass plates or cylinders and to prevent it being burst into 
the holes, there should be a, thin sheet of wire gauze {Placed between, 
to act as a support for the towelling, etc., as the pressure being external 
the tendency is to force the material into the holes of the plates or 
cylinders. After placing in position, the -substance is held so by either 
bolts jambing together the series of plates and cloths, all tight, or in 
the case of the cylinder form, by lashing the filtering substance with 
marline or copper wire. 

276. Describe an evaporator, and mention the type. 

Ans, — An evaporator consists of a cast iron chamber formed either 
in. one piece, or of an upper and lower chamber bolted together. In 
either type the lower portion contains a series of coils of heavy, solid- 
drawn, copper tubes, one end of each coil connecting by a cdnical 
coupling to a live steam supply chamber, while the other or outlet end 
of the same coil is connected to the drain or outlet chamber, these being 
cast upon the side of the evaporator body. The space surrounding 
these coils is filled with sea water taken by a special small pump from 
the circulating discharge, and at a temperature of about 100-120' F., 
and by the condensation of the steam in the evaporator coils, some of 
this sea water is driven off as fresk vapour, passing baffle plates to 
prevent priming, on its way to the upper part of the evaporator, from 
which it may pass either to the lower pressure casing,' or else to the 
condenser and so supply fresh water to make up feed. Whilst this 
description is particularly of the Weir's evaporator, the principles 
remain the same with any make of machine, being in effect the same as 
what occur in a boiler, only using a different agent for the heat supply. 

Note by Author, — The figs. 107 and 108 show two of Messrs. Weir's 
evaporators, the former the usual pattern for outputs up to about 20 
tons per day, and the other the " Lunette " type for larger outputs. 
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Plate X. gives sectional views of the first type, and appended is a 
reference list of the names of the various parts. 

1. Shell. 17. Salinometer valve. 

2. Main I door for withdrawing tabe 18. Cock for blbwing off to sea. 

coils (6). 19. Top cocic for water gauge. 

3. Hand cleaning door. 20. Bottom cock for water gauge. 

4. Bafile plate or deflector. 21. Safety valve. 

5. Supports for coils (6). 22. Outlet valve for the generated steam. 

6. Evaporating tube coils. 23. Compound gauge for generated steam 

7. Inlet steam coupling for coils. in shell. ^ 

8. Drdin outlet coupling for coils. 24. Cock for compound gauge. 

9. Coupling nuts. 25. Pressure gaugefor inlet steam to coils» 

10. Inlet steam heater. 26. Cock for pressure gauge (25). 

1 1. Drain header. 27. Swing crane bar for door. 

12. Drain collecting pocket. 28. Eye bolt for supporting door on 

13. Inlet valve for steam cpils, crane bar. 

14. Valve for drain from coils to hotwell. 29. Connection from top of water 

15. Feed check valve. gauge to steam space of shell. 

16. Brine valve. 

Plate XI. gives sectional views of the "Lunette" type and the 
references are the, same as the above with the addition of la, dome 
of evaporator. 



276. What fittings are necessary with evaporators ? 

Ans, — The usual mountings consist of steam inlet valve, vapour 
outlet valve, feed check, brine valve, drain valve and coupling to hot 
well, blow-off cock, safety valve, water gauge, pressure gauge, compound 
gauge, salinometer valve or cock, and we may include a gun-metal feed 
pump, to work off the main engine lever. 



4 



•, 



\ 

277. How is the brine got rid of in an evaporator ? 1 

Ans.^ — If the evaporator works under a pressure, /.^., the generated 
steam" passes to the low pressure casing, it is often worked on a 
continuous blow off, the pressure carried being a few lbs. (say 2 or 3) 
above that in the casing; but when an evaporator is worked on a 
vacuum (vapour passing to condenser), then to blow out the brine, 
shut vapour valve and drain from coils, and allow the pressure to rise 
to say about 8 to 12 lbs. per square inch. Open blow off cock and 
keep it blowing until sufficient brine has been removed to reduce the 
density below ^. When finished blowing, close blow off cock and 
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open up the vapour valve and drain. Sometimes all the valves are 
closed after the pressure has been allowed to rise and the evaporator 
blown right out through the blow off. 



277. ALTERNATIVE SETTING.— If the evapoi^tor primes 

what is the density of the priming: liquor? Is this the 
actual density of the feed to the boilers in such a case? 

Ans, — Whatever density the evaporator is being worked at, J^ to ^^ 
is the density of the priming liquor, but seeing that this is carried along 
with the fresh steam (or vapour) which has been supplied by the 
evaporator and the two lots finding their way to the hot well, results in 
the fresh water only increasing its density slightly, still priming must 
not occur at all. 

278. How may the evaporator coils be cleaned ? 

Ans.r— The best plan is to remove the door on the evaporator, and, 
by means of a piece of hard wood or a blunt chisel, tap the tubes and 
break off the scale, taking care not to damage the copper pipes. 

Another plan sometimes successful is to empty the evaporator of all 
water and then open up steam on to the coils, so thoroughly heating 
these. Next shut off the steam and open up the water, when by the 
contraction of the tubes it is expected the scale will be cracked off, 
•Generally this method' is far from efficient 



279. What is a dynamo? Describe its various parts. For 
what is it used? . i , 

Ans, — A dynamo is a machine in which mechanical energy is 
•converted into electricity by the means of rotating bundles of insulated 
copjier wire rapidly in a strong magnetic " field." 

Its principal parts consist of a series of electro magnets of north 
and south polarity alternately, mounted on a ring, yoke, or carcase, and 
in number either 2, 4, or 6 for average marine dynamos. In the field 
produced by these magnets all pointing to the centre of the ring or 
yoke there rotates the "armature" of thin iron or steel insulated slotted 
discs and containing a certain number, of bundles of insulated copper 
wire arranged in slots running parallel to the shaft and all the way 
round the periphery. The shaft of this armature carries the com- 
mutator, consisting of taper section drop forged copper bars. 
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thoroughly insulated from each other and the shaft, and held firmly 
in position by clamping rings. To the bars are attached the ends 
of the separate bundles of armature wires, and' upon the surface of 
this commutator, whose function is to convert the alternating curr6nt 
in the armature wires to a continuous one for the outer circuit, press 
the brushes which collect the electricity. These in number are 
usually the same as the number of poles, and are supported by, but 
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insulated from, what is called a brush rocker, mounted upon the 
same bearing that carries the commutator end of the shaft. From 
the brushes pass flexible leads, and all coming from the portions of the 
commutator under the influence of the south poles are gathered into 
one large sized flexible cable, and all the others coming from the 
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brushes under north pole influence are gathered to another equal sized 
cable, and thus the customary two main leads of a dynamo are obtained, 

the north forming the + and the south the — poles, the former being 
the outgoing and the latter the return path. 

When the main cables have led the current to and from the 
terminals of the machine, branch wires are taken and wound round the 
field magnet cores in order to produce the powerful degree of magneti- 
sation. This is done in one of three styles. A fine wire wound a 



great number of times on each core and carrying only a trifle of the 
whole current, and forming the "shunt" style; or the whole of the 
current supplied by the dynamo may go round the field m^nets by a 
large diameter copper wire, and in comparison a very few turns are 
now needed, bein^ known as the "series" method; or yet a third 
style, called "compound," which uses both the foregoing, the fields 
having a few turns of series as well as a lai^e number of coils of 
shunt winding. 

The uses of a dynamo are to supply electricity for such purposes as 
lighting, heating and driving motors. 
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280. In what respect does an electric motor ditfer from a 
/ dynamo? Where are electric motors sometimes used 
on board ship? 

Ans. — So far as construction goes there is no difference between a 
dynamo or a motor. In the former, we ijnust supply mechanical energy 
and so produce electricity, whereas in a motor we must supply it with 
current and it will then give out mechanical energy for the driving of 
fans, cranes, hoists, etc. 

280. ALTERNATIVE SETTING.— If an electric current be 
sent to a dynamo -^111 it act ;iike a motor does? If so, 
does anything about it reqtuire radical alteration ? 

Ans, — Any well designed dynamo will riin as a motor, if supplied 
with current, provided that before starting we move the brushes 
backward from the vertical through commutator, instead of their normal 
forward lead. There is no radical alteration required. 



281. Describe a system of electric lighting: employed on 
board ship. 

Ans, — The principal parts employed in any system of ship lighting 
consist of a continuous current dynamo direct coupled to a steam or 
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oil engine, and generating current which is led to and from bus bars 
placed upon a main switchboard. Connection is made to the + bar 
by means of fuses and switches^ thus tapping off current which is led 
by smaller cables away through the ship to -wherever it is required* 
Those necessary for lighting usually have a smaller switch, or fuse, 
board to which the above cable acts as a supply and from which still 
smaller leads go to the individual lamp or group of lamps. By this 
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means the various lighting circuits can be switched on and off as 
required without interfering with the others. From the lamps, motors, 
etc., return wires are taken which finally go back to the - bar on the 
main board, passing possibly on their way fuses and switches. The 
board is fitted with a voltmeter and ammeters to record the pressure 
and quantity of current respectively. 

The lamps, etc., may be arranged either on the ** single wire hull 
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return" or "two-wire" systems. The former is the older and less 
satisfactory method, having only an advantage in using less cable. The 
returns from lamps, etc., are attached to the skin of the ship, or deck 
beams, or frames and then to one of these near the dynamo there is 
fixed a short piece of large cable, thus bringing the current back to the 
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generator. This method affects the compass badly and ^ so within a 
radius of about 30 feet of this part, all wiring must be on the two- wire 
system, which consists of+and- cables run more or less parallel to 
each other throughout the snip and the lamps, etc., are supplied as 
usual from the + , whilst the returns are connected to the - Wire. With 
this method there is twice the insulation between + and - there is with 
the former, hence leakage troublefs are much reduced. 

[Plate XIII. shows a wiring plan as carried out l^y Messrs. Holmes 
& Co., and is typical of ship installations.] 



282. Hew is the position of a fault in the electric circuit 
~ discovered? 

Am, — Faults divide into two main divisions, breakage of cables, or 
short circuiting. Provide yourself with either a lamp in a holder fitted 
with two pieces of wire, or else a galvanometer, and assuming the 
former, start the dynamo and if the ammeter does not show excessive 
current passing there is no short circuit, so on tHe wires where no light 
or power is being obtained scrape away the insulation on each a few 
inches from one another and touch each lead with one of the lamp 
wires ; if lamp glows, the circuit is complete up to this point and we 
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must try again Dearer to where the motor, etc., does not work. When 
the place is found where d trial with band lamp shows no glow, between 
there and the previous spot existt the break, and working back will 
locate iL (See fig. 1 18.) 



3 



To test for a short circuit obtain a galvanometer of a fair resistance, 
run the dynamo below its usual voltage, disconnect one of the malh 
cables from the machine and insert here the galvanometer. Close 
main switches but open all the others and then if there be a " short " on 
the suspected circuit, the galvanometer needle will deflect owing to 
current passing via the short, as otherwise there should be none 
passing. 
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282. ALTERNATIVE 9BTTINa-~What is meant by a "fault" 
on a cirpuit? Ho-w can such be brought about? Is the 
single -mve hiiU return or the tvro-vnre system, more 
liable to faults ? 
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Ans, — A fault may be either a break, an " earth " or a short circuity 
and if the latter, generally caused by the insulation ^chafing through and 
the wire thus bared coming into contact with a part carrying the other 
portion of the current. If wires pass through holes that are not bushed 
with hard wood, vulcanite, fibre, porcelain or the like, the vibrations 
soon have the coverings w^orn through and bare copper touches the 
ship, which if of the single wire system means a dead short on that circuit 
at once. The two-wire system is better as to produce a " short " here, 
both cables must become bared. An " earth " is produced when either 
tl^e + or - wire comes into contact with the ship (two-wire system). It 
is really a bad leakage of current. 
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283. What is "sparkini:," and may it under some circum- 
stances (naming them) be a dangler ? 

Ans, — Sparking is the light visible when any part of a circuit 
carrying current is broken^ as thus a small arc is set up which is both 
luminous and destructive. It roughens the surfaces between which it 
occurs, and if gas be present is quite sufficient to ignite it and cause 
serious results. When taking place on the commutator between the 
brushes and the surface of this part, the latter soon gets considerably 
burnt and roughened leading to still increased sparking until in the 
end a falling off in the output is observed. It may be caused by slack 
brushes, overload on machine and brushes in wrong position round 
the commutator or loose connecti6n at armature. It also occurs at 
every switch on opening, hence these should break the circuit as 
rapidly as possible so that the arc does not get time to become so 
large or do so much burning. 

283. ALTBRNATIVB SBTTINQ.— When a circuit carrying 

current is broken a light is seen, i^hat is this ? Whe^e 
does it often occur ? 

Ans, — (That already given will do.) 

284. What is "short circuiting," and to what evil may it 

give rise? 

Ans, — Whenever an electric current leaves th^ path designed for it 
and takes a quicker road back to the dynamo it is said to be " short 
circuited." Thus if the + and - wires have their insulation chafed 
through and touch each other the current goes out by the + wire but 
returns by the metallic contact with the - and so everything beyond 
this point receives practically no current at all. As the resistance of 
a "short'* is very low, it results in a considerable load coming on the 
dynamo and fuses must be proportioned so as to blow when such as a 
short occurs. If this does not happen the armature itself may become 
burnt out 

284. ALTBRNATIVB SBTTING.— If lights go out upon a 
circuit and yet the ammeter records -more current, 
Tvhat has happened? If the usual fuses blow as soon 
as they are replaced vrhat does it tell you ? 

^ns, — (That already given will do.) 
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286. What meana are employed to preveat any part of the 
circuit becoming overheated? 



Ans. — What are called " fuses " are inserted at certain places upon 
the leads. These consist of pieces of tin wire or strip attached to 
brass terminals or binding screws mounted upon porcelain and to these 
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screws are led the ends of the + or -• cable. Thus the wire goes 
from the switchboard to one holder and on from the other to the lamp 
and the gap so formed is bridged with the easily fused metal tin (or a. 
tin-lead alloy). When an excess of amperes pass it causes undue heating 
of this piart of the circuit and reaches its melting temperature long before 
the copper wire does, hence it " blows/* as it is called, and by rupturing 
breaks the flow of current and protects the circuit, lamps,^ etc. (See 

'fig. 1 1 9-) 

On main switchboards larger forms of fuses are met with, or in 

their place are found automatic switches which come open when the 

current passing them exceeds a predetermined amount. 

s. 

286. Desoribe the features of an arc lai^p. 

Ans, — Whilst the details of arc lamps vary with the different 
makers, the principles remain the same. They consist essentially of an 
upper or + carbon rod of a diameter rather larger than a lower or - 
carbon. These rods are in contact with each other when current is 
off, but immediately on switching this on the mechanism in the upper 
part of the lamp moves the carbons apart for about ^^ and the current 
then jumps from the + to - rod. By so doing the arc forms and 
light is given out, being assisted by the raising of the carbon tips to 
incandescence and the driving off of a great number of minute particles 
of carbon dust, also incandescent. Next as the rods wear away the 
mechanism is arranged to feed them together so as to maintain the 
original distance, and finally when current is switched off, it allows the 
carbons to come into contact ready for the next time of lighting up. 
The mechanism is usually operated by an electric current shunted ofi 
the main wire so that these lamps are quite automatic id action. A 
globe surrounds the carbons and a casing goes around th^ mechanism 
above. The light given is extremely brilliant and much more 
economical than a carbon filament glow lamp. 

287. Describe the construction of a glovr lamp. 

Ans. — The ordinary glow lamp consists of a glass bulb very 
thoroughly exhausted of air in order to prevent combustion of the 
filament At the upper portion or neck of the bulb there is fused in, 
before exhausting, a piece of glass carrying two platinum wires whose 
lower ends are united by carbon cement to the ends of the filament, 
this latter being either a carbon thread, or the much more economical 
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one of tantalum, or tungsten metal, ' The upper ends of the platinum 
wires are soldered to short lengths of common wire, which do not go 
through the glass, and lead up to, and are soldbred on to two small 
brass plates fixedon the top of the cap of the lamp, this being done 
after the cap has been attached to the bulb by paris plaster. These 
plates form the means of leading in ar^d out the current frofn the 
pressals in the lamp holder, and by reason of the resistance the filament 
offers to passage of current it becomes incandescent and therefore 
luminous. 



288. What is the usual candle povrer of the small glo'w lamps 

in g^eneral use on board ship ? 

Ans, — The candle power varies according to whereabouts the light 
is required, but the usual intensities are 8, 16, and 32 candle power. 
If more than this is needed, a cluster of frorti two upwards is used.. 

289. Define the tollovihxg terms :— Ampere, volt, ohm,/ watt. 

What is the measure of an electrical horse power? 

• • • 

Ans, — By ampere we understand the unit denpting " quantity " of 
current as so liany amperes. The current sent through i ohm 
resistance by i volt electro motive force is i ampere. Volt is the 
unit of pressure as commonly spoken, but more exactly }s the unit of 
intensity of an electric current, and may without appreciable error be 
considered in every-day language as the equal of electro motive force. 
Ohm is the unit of resistance to flow of current. Watt is the product 
,of I volt by I ampere, or watts = volts x amperes, and 746 of these 
watts — I electrical horse power. 

290. Explain the uses of switches, brushes, commutators, 

cut-outs, field magnets, armatures, and resistance coils. 

Ans, — A switch consists of a moveable piece of copper capable of 
being brought in contact with a fixed piece to which one end of a cable 
or wire is led. To either the moving piece or a fixed part similar to 
the other is attached the end of the lead or wire going to, say, the 
lamp, and by means of an insulated handle the moving piece is 
brought to, or away from, the fixed pieces. It thus closes or opens 
the circuit and this is its object The whole should be mounted on an 
insulating base. (See fig. 120.) 
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Brushes are of copper gauze pressed into rectangular form, bundles 
of brass wire, or carbon blocks or plates, held in " holders " mounted 
on, but insulated from, the brush rocker, and they collect the current 
from the commutator, and by having heavy flexible cables attached to 
the spindles of the holders the current is led to the main terminals of 
the machine. 

Cdtnmutator converts the alternating current in the armature wires 
into a continuous (or flowing in one direction) current for the outer 
circuits. 

Cut-outs are only fuses, and consist of pieces of tin or tin-lead wire 
or strip mounted in between smallish terminals or binding screws on a 
china base, and to which screws the lead is attached. Thus the fuse 
forms an easily-melted portion of the circuit, and if an excess of 
amperes pass, the heat due to these soon causes the fuse to melt, when 
it is said to "cut-out" the lamps, motor, eta, upon that particular 
circuit What are called automatic cut-outs are magnetically controlled 
switches which open under an excess load. 

Field magnets are the powerful electro magnets necessary for the 
maintenance of the magnetic field for the armature wires to cut through 
and so cause current to be generated. They are of cast iron or cast 
steel and insulated, and then wound with insulated copper wire, either 
fine as in "shunt," thick as in "series," or with some of both as in 
" compound " winding. 

Armature is the congregation of thin stampings insulated from each 
other, fixed upon the shaft, and carrying the insulated armature wires 
in a direction parallel to the shaft. These therefore cut through the 
magnetic lines of the " field " and current is generated of an alternating 
nature. 

Resistance coils consist of coils of some metallic wire having a 
much greater resistance than copper, such as platinoid, eureka, German 
silver, etc., and on the passage of current they heat up, thus serving as 
one means of electric heating. When the quantity of current has to be 
reduced in any one circuit we can only do it by making the total 
resistance therein greater, to do which we connect one end of the 
supply wire to the beginning of the set of resistance coils and to 
the movable contact arm, which travels over a series of insulated 
studs to which the coils are connected, the end of the wire going 
on to the lamps, etc. Then when the arm is on the last stud the 
current has to travel all the coils and the resistance is a maximum, 
resulting in the given voltage causing a much diminished flow of 
electricity. As the arm is brought round, stud by stud, so the 

I 
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coils are gradually removed fiotn the circuit, the resistance gets less 
until on the first stud of all tbe current goes straight to the arm and 



away, not experiencing any additional resistance. It is then of s 
maximum value. {Set fig. i>i.) 
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201. Why is it desirable to fit a dynamo in a cool place on 
board ship ? 

Ans, — As there is always heat produced in a dynamo by reason of 
it offering resistance to the passage of the generated current and such 
•heat is a loss of work, it follows that to put a machine in an already 
heated location would be folly, therefore a dry and cool spot must be 
chosen. Dry to prevent damp setting on the coils when machine is not 
running and so tending to lower the insulation. resistance and cool to 
prevent any overheating which might bum the insulation, cause 
electrical leakage and perhaps swelling of the armature windings until 
they touched the pole pieces of the field magnets. 

201. ALTBRNATIVfi SETTING.— If currents of heated air 

"were allowed round a dynamo what would result? If 
moisture is present what is the result? 

Ans, — (That already given will do.) 

202. What undesirable effect will ultimately occur to an 

electrical wire whose sectional area is constantly 
diminishing, say throufirh corrosion ? 

Ans. — With electricity it is the same as with other agents like steam 
and water, the smaller the area for conveying, the higher the resistance 
offered, but with electrical wires there is the added risk that, due to 
reduced area, the resistance becomes sufficiently great to cause enough 
heat that fuses the wire at this spot. 

202. ALTBRNATIVE SETTING.— Why shoiQd a diminished 
cross section of wire cause local heating? Is this 
smaller section used in any part» definitely and use- 
fully ? If so, where ? 

Ans, — To carry current safely in stationary wires calls for an 
allowance of about 1000 amperes per square inch of section. This will 
not cause any undue heating, but if a spot about the cable should get 
reduced to, say, \ square inch section ; then the 1000 amperes crowding 
through this small space give rise to a great deal more heat by reason 
that relatively a greater resistance is felt to the current flow. Fuse 
strips are often made with notches in the sides about the centre and 
should the current exceed the normal, by more than a few per cent, 
this reduced spot rapidly heats up and melts. 
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298. What danger might arise from leading: electric wires 
throufirh coal bunkers? 

Ans. — If by any cause such as insulation becoming chafed 
through, the + and - wires came into contact so as to cause sparks to 
form as they came apart, these sparks would igm'te the coal gas in the . 
bunkers and so cause a fire, and if the mixture of air to gas was, say, 
about 6 : i there would be an explosion with, of course, increased 
damage. 

298. ALTBRNATIVB SBTTING.—Fires have been caused on 
steamers fitted with electric light without any ap- 
parent cause at the time. What was the reason ? 

Ans, — (That already given will do.) 

294. Is it better to lead electric wires above or below side 

scuttles? Why? 

Ans. — Any electric wires must be placed in dry spots and as much 
as possible away from the risk of mechanical injury, therefore run them 
above the side scuttles and this is often done by placing them in a steel 
tube situated just under the rail of the bulwark. In other cases they 
are placed in casings run up solid with bitumen. 

295. What instruments are used on board ship to ascertain 

the strength of an electric current ? 

Ans. — On every switchboard there should be at least two instru- 
ments, one a voltmeter for showing the pressure of the current in volts, 
and the other an ampere meter, or shortly an ammeter, recording the 
quantity of current in amperes. Often each main circuit from the 
switchboard has its own ammeter and by this means we can tell when 
any individual circuit is taking more than what we know to be its normal 
amount 

296. Many ocean-going steamers are fitted with hydraulic 

cranes, etc. Where do they obtain their power? How 
is the hydraulic pressure kept at a relatively constant 
amount? 

Ans. — For a ship installation recourse is had to a steam loaded 
piston to obtain the hydraulic pressure; thus a steam cylinder is mounted 
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directly above a ram chamber and the piston rod forms the ram itself. 
Steam at from 80 to 100 lbs. per square inch is admitted on top of the 
piston and as the piston is 10 times the area of the ram, the water 
pressure is from 800 to iooq lbs. per square inch. From the lower 



Tig, 11a. 

part of the ram chamber a pipe leads the high pressure water away to 
the cranes, and on the opposite side another pipe allows the water from 
the pumps to enter ram chamber. The function of these double acting 
pumps is to force water into the chamber against the pressure of the 
steam on top of piston, so that when the cranes take the high pressure 
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away and thus allow the ram and piston to descend, the pumps shall 
set away and force in water from their feed tank, to which tank the 
exhaust water from cranes is returned. As the piston descends it 
uncovers a port and pipe leading to the steam chests of the pump 
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Fig. 123. 



cylinders and thus these receive their working steam. When cranes 
are stopped, the pumps go on working until they have sent into ram 
chamber such an amount of water as lifts the piston high enough to 
close the steam supply port to them, on which they aUo stop, but as the 
steam still presses on top of piston, the water remains in the ran 
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chamber ready for instant use at the high pressure. The pressure is 
thus kept practically constant by the combined effects of the steam load 
and the pumps supplying water. In some cases the pumps do not 
actually stop, but go on working very slowly, the water they send out 
being bye-passed back to the tank. This avoids shock on the pumps. 
(Set fig. 123.) 

297. Is any difficulty experienced in working hydraulic 
cranes in frosty weather ? If so, why ? 

Ans. — Whenever the temperature falls below zero, there is risk of 
the system freezing up if the water be kept fresh, but as the result of 
adding certain chemicals to water is to lower the freezing point of the 
mixture, make a solution of water and calcium chloride (chloride of 
lime) to such a strength that one gallon weighs about 11 to 12 lbs., 
according to the coldness of the climate. Common salt will also answer, 
but is productive of more rusting than is the lime. Further, in some 
high-class vessels, glycerine is added, but this suffers deterioration 
through time and goes bad with a very offensive smell. If far distant 
cranes are kept in motion there is less liability to freeze, as the water is 
moving, but this entails constant extra expense and labour. 

297. ALTBRNATIVB SBTTING.~-How does frosty weather 
prevent a hydraulic system from givinfir its full efflci^ 
ency ? What can be done to prevent the trouble ? 

Ans. — (That already given will do.) 

29a Describe any steam steering gear you are acquainted 
with. 

Ans. — {Note by Author, — The candidate in answering this question 
should do so by describing the particular gear he has been used with 
as, presumably, he understands that type the best. The following 
applies to Alley & MacLellan's horizontal type and shows the kind of 
answer desired at the examination). 

This form of gear consists of a chain drum driven by a large worm 
wheel and worm, which worm is x)perated by the cylinders, etc., of the 
steering engine, being keyed upon the common crank shaft Each 
cylinder has one valve, eccentric rod and fixed sheave, and coming 
between the chests of the two cylinders is the " control " valve and its 
chest. The engine is enabled to reverse even though the single sheave 
be fixed, as the following explains. The control valve is moved by the 
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steering wheel operated by the steersman and turned in one direction ; 
it admits steam over the outer edges of engine valves, but when turned 
oppositely it admits the steam over their inner edges, and as the one 
sheave for each engine valve is keyed on the shaft at 90° to its crank, 
this changing of the steam admission results in reversal of the engine. 
When the engine is running it always tries to bring the control valve 
back to mid position and so stop itself, and if it is wished to keep the 
gear working the steersman must keep on turning his hand wheel so as 
to keep the control valve open at the point he originally got it to at 
first starting, with engine at rest. 

Note by Author, — All readers should carefully study Plate XIV., 
which gives excellent information regarding the ^ Hunting *' gear of one 
of Alley & MacLellan's steam steering gears ; and figures 124 and 125 
are worthy of close attention. The returning of the control valve to 
its central position must be understood by all candidates. 

299. When the helm is put hard over and the ship is going 

full speed ahead, ^what prevents the rudder returning 
to the amidship position ? 

Ans, — When a pull comes on the steering chains in a reverse 
direction and the barrel would like to turn under such pull, it is 
prevented by the locking effect of the worm and worm wheel. The 
latter cannot turn the former, because its teeth are so nearly at right 
angles to the axis of the worm. The eflfort to do so, however, sets up 
a heavy stress or thrust through the worm shaft which is taken by either 
small thrust blocks built into engine framing, or by stiffening the 
shaft bearings. 

300. In the case of a steamship under way does the officer 

or man manipulating the steam steering -wheel over- 
come any resistance exerted by the rudder? 

Ans, — As the steering wheel only operates the control valve through 
a system of rods, levers and fair leaders, the only resistance felt by the 
steersman is the friction of these and of the spindle of the valve in its 
stuffing box, all of which is in a well-arranged installation, very little. 
He feels none of the resistance due to moving the rudder. 

300. ALTERNATIVE SETTING.— What makes the resistance 
to motion of the steam steering wheel? Does a large 
rudder mean more of this resistance than a small one ? 

Ans, — (That already given will do.) 



No. 3 DIAGRAM. 



PLATE XIV. 




If the control valve be 
moved until it lakes up the 
position shown, steam will 
enter port D and round main 
valves into the top ports of 
cylinders A, B. The exhaust 
passes along port C and up 
through the control valve. 

If the control valve be 
moved into the position shown 
. by dotted lines, steam will 
enter port C and then into 
the bottom ports of cylinders 
A, B, thus reversing the 
motion of the gear. The 
exhaust will pass out through 
port D. 

When the gear is in motion, 
the worm turns the hunting 
screw pinion and it draws 
the spindle back by means of 
its screw, until the control 
valve covers ports C, D, thus 
shutting off the steam. It 
will therefore be seen that it 
is necessary to keep turning 
the steering wheel in order to 
keep the gear in motion. 

JVbfe by Author. — Observe 
that now the engine is stand- 
ing and ready to start off in a 
contra clockwise direction, 
whereas in No. r diagram 
she was standing and ready to . 
move off clockwise. 



To face page 332. 
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801. Explain clearly vrhaX is being done by a helmsman 
manipulating the Tvheel of a steam steering engine. 

Ans, — When the hand wheel is turned, let us say to starboard, it 
by means of the rods, levers and fair leaders, moves the control valve 
(which always has its steam over the one edge) such as to admit steam 
over the outer edges of the engine valves, and, in consequence, the gear 
runs with the sheaves at 90' leading the cranks. When the engine turns, 
a worm wheel engaging with the worm is revolved upon the spindle 
(Hunting screw pinion) which actuates the control valve and as this 
wheel acts as a long nut, being only capable of turning round, it screws 
the spindle through itself in such a direction as tends to close the 
control valve. If helm be over sufficiently, the steersman stops turning 
his wheel, when the " Hunting " gear, just described, gains the mastery 
and runs the control valve back to mid-position, thus stopping the gear. 
It will be noticed from this that a steam steering engine cannot stop 
instantly the hand wheel is held stationary and though the additional 
movement is not much, yet it should be allowed for, especially if all- 
connections between chain on drum and tiller are well set up. 

Note by Author. — Plate XIV. should be studied again for " Hunting" 
gear details. 

302. Is there any difference bet^ween the amount of horse 
po^i^er required to put a helm hard over, in a given 
time, when the vessel is going full speed ahead, and 
when she is going full speed astern? This question 
refers to the case of a steamer fitted with one rudder 
only, and demands a more complete answer than 
merely "yes" or "no." 

Ans. — There is greater effort needed to bring a rudder from the 
midship position to any certain angle when going ahead, than there is 
when going astern, for the following reason. The propeller, driving aft 
its stream when the vessel goes ahead, does so at a greater speed than 
the ship herself travels at, consequently the rudder, coming over against 
this stream, finds more resistance than what it does in being brought 
back to the midship position, with vessel travelling sternwards, as then 
it only meets a resistance due to the ship's speed. The effort required 
to move the rudder depends upon the square feet area of immersed 
rudder, the speed of the stream it comes against and the angle to which 
we require to fetch it over and the greatest force needed is as explained 
above, but in this case the rudder comes back to its mid-position easily. 
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such that the (atl of the lever is about 5*/, faster than its normal speed, 
the weight, due to its inertia, is left behind and so causes the lowel 
pawl to be brought sufficiently out to engage with the arm that controli 
the throttle valve, when the lever makes its next up stroke, and the 
weight is kept there by a " detent " holding it. This closes the throttle 
and hence the revolutions fall. On the return stroke the detent is 
lifted by passing throttle lever and so frees the heavy weight, which, if 
racing be over, falls and reverses the positions of the pawls, the top one 
now projecting and catching throttle lever lowers this and so opens the 
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valve again. If racing is not over, the pawls remain as they were when 
the throttle valve was shut. 

In the event of the shaft breaking or other cause for excessive 
speed of lever, a small or emergency weight comes into operation by 
being left behind and so locks the heavy weight in the shut off position 
and on^ when this severe race is over can the small weight be released 
by hand. 

It will be seen from this description that the Aspinall governor 

partakes of the "all or nothing" form, as either the steam is on or it is off, 

JVoU ly Author. — We have only given these particulars and illustra- 
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tions because we know many candidates will have been with this type 
of governor and so will be the better placed for answering the question 
from their own first hand knowledge, but should the particular reader 
not have been with any governor at all, we advise his reading what we 
have written in connection with question. 

Noie. — The following six questions refer to oil motors fitted to 
launches which carry passengers. 

806. Name the principal parts of an oil motor, and briefly 
state their functions. Give tlie nanie of the makers 
of the motor. 
Ans. — The following comprise the principal parts of an oil motor as 

filled in launches. One or more cylinders, water jacketled, mounted 
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Figs, izg and 130 show sections of one of Messrs. Parson's 
61) horse power. 
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upon a. CTank case carrying the main bearings and crank shaft. Each 
cylinder has a long trunk piston kept tight by Rarasbottom packing 
rings and which piston has a gudgeon pin taking the small end of the 
connecting rod, whose bottom end embraces the crank pin as usual. 
The top of the cylinder carries the sparking plug for ignition as well as 
covers over the inlet and exhaust valves. These are mushroom valvef 
whose spindles have strong springs to bring them back on to the seats 



Fig. 131. — End elevadon of a Parsons motor show[ng gear wheeli. 

as each valve is pushed up by rods worked by cams on a "cam shaft," 
which runs parallel to the crank shaft and is driven at half the speed of 
latter by means of gear wheels, one on each shaft, that on the crank this 
being of half the number of teeth to that on cam shaft. To supply the 
working "mixture" a carburettor is supplied, into which the petrol 
flows and becomes vaporised, partly by its volatile nature and further 
by placing the carburettor near the exhaust pipe, the heated air round 
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about causes the petrol to be ra/ttdly gasified. Air being allowed to 
mix with this vapour, in the carburettor forms the "mixture" which 
passes by a pipe to the underside of the. inlet vnlve, and hence on this 



opening il passes into the cylinder. The waste or exhaust products in 
turn pass the exhaust valve and away to a "silencer" in which by 
successive expansions and contractions they drop very much in pressure 
and temperature and finally issue to the atmosphere. (&< fig, 133.) 
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To supply the necessary high voltage electrical current to the 
" sparking " plug, there is fitted either an induction coil and accumu- 
lators or else a magneto, and if the former, a special contact maker is 
supplied whose moving part revolves from the cam shaft and thus 
completes the circuit between accumulator coil and plug only once in 
every two revolutions. 

Note by Author, — The block, fig. 133, shows the four strokes com 
prising the " Otto cyle " of the majority of these engines. The diagram 
is self-explanatory, but in order to store sufficient energy for strokes i, 
2 and 4, as well as render the turning effort more uniform, a heavy 
flywheel is fitted. 

Plate 15 shows two views of one of Messrs. Brazil, Straker & 
Co.'s marine motors of 15 B.H.P. at 800 R.P.M. Fuel is ordinary 
petroleum, and at full load the consumption is i gallon per hour, and 
of lubricating oil about \ pint per hour. Starting is on petrol, or a 
hand lamp can be used giving a start from all cold in 3 minutes. The 
vaporisers are hot enough to restart engine after she has stopped for 
30 minutes. 



306. What kind of oil is usually employed in oil motors? 
What is its flash point? What is its specific g^ravity ? 
What is its calorific po-wer? What precautions are 
taken in its storagre to gruard the public against 
casualty by fire or explosion ? 

Ans, — The commonest fuel is petrol, which is a species of 
petroleum spirit partaking somewhat of the properties of both. It is 
extremely volatile and will vaporise on its own, but where the quickest 
gasifying is needed as with these very high speed motors, a slight 
warming is beneficial. Paraffin oil is also coming more and more into 
use as a fuel on engines of a rather large size. 

The flash point of petrol is about 73* but varies a little with the 
different brands, that of paraffin oil being about 90''. 

The specific gravity of petrol ranges between '65 and 75, whilst 
paraffin oil is heavier being about 78 to '83, and means than an equal 
volume will only weigh from 78 to '83 that of fresh water. 

The calorific value is also a variable, but for petrol, about 19,800 
B.T.Us. per lb. may be taken and for paraffin a little higher, about 
20,000 B.T.Us. per lb. 

All petrol and paraffin must be stored in places away from heat and 



BROWN'S ELEMENTARY QUESTIONS AND ANSWERS 243 

the chance of damage to the drums or other containing vessels. These 
latter should be of brass or copper, as iron or steel rusts in course of 
time under the effect of the oil, but as the former metals are too costly 
resource is had to good mild steel, and the tanks periodically inspected 
carefully to see that corrosion has not developed to a dangerous extent 
They must be fitted with filling plugs capable of being made air-tight 
when motor is not in use, but means must be provided whereby 
atmospheric pressure may be allowed in, so as to cause the petrol, etc., 
to flow to carburettor when the suction from the engine sets up a 
partial vacuum. If, however, the oil is supplied under pressure to the 
carburettor, as is common at the present day, there is, of course, no 
opening left to the air, but a hand force pump is supplied to obtain the 
requisite air pressure. The storage tanks are never completely filled, 
a small space being left for expansion of the liquid in case the tank 
becomes accidentally heated. 



80& AliTBRNATIVB SBTTINQ. -Which has the greater 
heating: pcwer, petroleuxn or petrol, and -what is the 
gain by the one? What is the correct name for 
"heating" value? When -we speak of specific gravity, 
-^hat is meant? 

Arts. — (That already given will do.) 



8O7. Ho-w many cylinders are generally used in oil motors? 
What kind of pistons are fitted? How frequently 
(measured in revolutions) is explosion per cylinder 
effected? How is explosion in the cylinder carried out? 

Ans. — The number of cylinders varies with the total horse power 
of the motor, there usually b^ng one for small powers up to about 4 
horse power, 2 cylinders for about 12 to 20 horse power, 4 cylinders for 
30 to 45 horse power and 6 cylinders for horse powers of about 50 to 
65, though these figures vary considerably with different builders. 

The pistons fitted are all of the "trunk" type (see flgs. 129 and 
130), being practically the same length as diameter and this is required 
because they have to take the place of a crosshead and guide bars, 
these parts being absent in oil motors as we are describing. To 
ensure tightness against the compression and explosion in the cylinder, 
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grooves are turned in the cast iron of the piston and ordinary 
Ramsbottom packing rings (3, 4, or 5 in number) are inserted 

If the motor is a four stroke cycle and runs ungovemed there will 
be an explosion every second revolution, viz., at the start of every second 
stroke downwards, />., the third stroke of the four going to make the 
Otto cycle. If the motor be a two-cycle or two-stroke one, the 
explosion occurs at start of every downstroke. 

The explosion is brought about usually by electrical means such as 




coMra r r. 






AtruMvi.»r»t^ 



Fig. 134. 



an accumulator battery of two cells, an intensity coil to raise the 
voltage, and a sparking plug, or else a magneto generator driven by the 
engine is used to supply current. 

The former consists of two accumulators charged with contiiiuous 
current and coupled in series so as to give about 4 volts ; this current 
is sent round a "primary'* winding in the "intensity" coil, being 
governed in its passage by the " contact maker " driven off the cam or 
half speed shaft of the motor. Surrounding the primary wire but 
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insulated therefrom is wound a large quantity of the very fine or high 
tmsion wire, and as the primary current is sent pulsing through its wire 
It *' induces " a very high voltage current to pass from one end of the 
fine wire to the central wire of the sparking plug and the voltage being 
sufficient for it to jump the little gap at the points of this plug it creates 
a spark in so doing and returns by the steel shell of plug, engine itself 
and another wire leading back to the other end of the fine or 
•'secondary" winding on the coil. {See fig. 134.) 













Fig. 135. 



Magneto ignition may consist of a small permanent magnet dynamo 
supplying current to its own self-contained intensity coil and thence 
away from this to the ordinary sparking plug, or it may be what is 
called a "low tension" magneto wherein a shield of soft iron is rocked 
to and fro between the armature and pole pieces and by so doing sets 
up a rise and fall in the current induced in the armature wires. When 
this current is at its maximum a contact is broken and the act of 
rupturing causes the voltage to momentarily rise sufficiently high that 
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a spark may form against the force of the compressed mixture and thus 
this latter is fired or exploded. Means are provided whereby in either 
system the time of firing may be advanced as the engine accelerates 
or retarded as it slows down, in order to prevent a " pre-fire." 



307. ALTBRNATIVl] SEITTINa.-Are these engines single 
or double acting usually? What limits the horse 
power trom any one cylinder? 

Afts. — The majority of these engines are only single acting, i,e,y they 
get the impulse always on the same side (top side) of piston, but in a 
very few cases, and only where the engine is large are they double 
acting. Horse power from a single cylinder cannot become very great 
as the initial load upon all bearing surfaces would then be far in excess 
of safe practice and lubrication. 



808. Describe hew an oil motor is started. If starting prove 
difficult, where would you chiefly look for defects? 
How is piston speed modified? How is the speed of 
the vessel varied? How is reversing effected? 

Ans. — Before starting an oil motor observe that the clutch is free, 
/.^., that the screw does not revolve with the engine. {See fig. 136.) 
Then open the sea water on to the pump which circulates it through the 
jackets of the cylinders. Test accumulators (if these be used) to see 
voltage is between 3*6 and 4. Open petrol on to carburettor and flood 
this latter. See that switch on primary wire from battery is closed, and 
if the motor is anyway large, either open a trifle the small cocks inserted 
in cylinder heads, or move along into position underneath the spindles of 
the exhaust valves, the " half compression " cams and as either of these 
methods releases some of the compression the motor can be given a few 
quick turns by means of the handle engaging with the crank shaft, when 
it should at once start ofl*. Should it not do so, however, examine the 
petrol tank to see if there be oil in it, also cocks and up to the 
carburettor, then all wiring from either cells and coil or magneto up 
to and including the spark plug. Be sure the points of this are 
not incrusted with greasy carbon deposits. Note that all valves are 
lifting and closing at their proper times and see that the compression 
is good. 
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Variation of piston speed means at once variation in ship's speed 
and is brought about by any or all of the following. To decrease 
speed, reduce quantity of petrol or throttle down the mixture, retard 
time of sparking and to increase speed, give a little more petrol (but do 
not richen mixture too much), open out throttle, etc., or advance time 
of sparking. 

Reversing can be effected by either a reversii^ gear, or else 
by a propeller having loose blades which can be turned from the 
headway positioa to a similar one at the opposite angle, for tbe 
stemway. 



Fig. 136. 

Note iy Author. — Description of Parsons reversing gear. The 
figs. 137 and 138 show the gear box opened and the gear in headway 
position (fig. 137). It consists of a small piece of shading having a 
large square upon it which carries a square jaw muff forming part of a 
coupling, and this is seen at the centre and right hand of tbe figure. 
The gear wheel seen there is loose upon the shaft but can be connected 
to it by moving the coupling to tbe right Tbe other part of the main 
shafting goes out to the left and has a thrust collar upon it and also 
carries a gear wheel solid with it The side shaft has a laige square, 
as seen, upon which slides a wheel, while the other one is fastened to 
the side shaft. Below in the box is a smaller wheel which conveys the 
motion of the engine shaft wheel (when this is driven) to tbe side sbaft 
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wheel and in order to make the operation of reversing clear to 
candidates, let us take it that the screw is at present going ahead, for 



this, the coupling engages with the thrust shaft wheel and so the 
engine and screw shafts turn as one, and to reverse, the hand lever is 
moved and this by means of the levers inside the top half of box. 
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moves the coupling away from the thrast shaft wheel, and on to the 
loose engine shaft one, resulting in this latter turning the way the 
engine runs. At the same time the other arm has moved the free 



wheel on the side shaft into mesh with the thurst shaft wheel and we 
have the gear as in fig. 138. The engine, remember, runs the same way 
fts at first and its wheel being now compelled to turn, drives the 
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smaller wheel in bottom of box and this meshes into the fixed ^' side 
shaft " wheel and turns this the same way as the engine. The result of 
which is that at the thrust end the main shaft revolves oppositely to the 
engine shaft and we have reversed. 



309« Before examining an oil motor i^th a naked light, -what 
steps should be taken for safety's sake ? 

Ans, — By rights no naked lights should be brought near a motor 
after it has been running, use only electric hand lamps, but if naked 
lights are found to be the only ones available, then see the petrol supply 
is shut off, carburettor emptied and drip trays also. Next give the 
engine a few turns by hand, with the compression released, this will 
enable air to be drawn in and expelled and so sweep out the cylinders 
&nd of any lurking gas. 

If going to examine motor as soon as it stops, a good plan is to shut 
off petrol or paraffin and let the engine run itself down to a stop and it 
will thus exhaust the pipes and cylinders of gas or mixture. 



309. ALTBRNATIVEI SBTTING.— Is there any risk in ex- 
amining an oil engine or petrol motor -with a naked 
light ? What can you do to prevent accidents ? 

Ans, — (That already given will do.) 



810. Ho-w frequently should an oil motor, -working 12 hours 
a day, be opened up for examination, cleaned, and its 
parts readjusted? What difficulty arises when the 
internal parts become foul with carbonised oil ? 

Ans. — The correct answering of this question depends really upon 
the daily attention paid the engine and the quality of the oil and 
amount used for its lubrication. Assuming all the electrical leads, 
contact maker and carburettor are looked after each day before start- 
ing, as well as giving the exhaust valve a few turns on its seat, the 
sparking plug removed at least once a week and its points examined and 
if encrusted* this deposit removed, the engine should run for several 
weeks before it needs any heavy overhaul. If^ however, the lubricating 
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oil has been used too freely and especially if of rather a poor quality, it 
will form a heavy greasy deposit on piston top, cylinder head and 
compression space and as this becomes very hot it leads to the mixture 
pre-firing, with consequent shock on the engine and loss of work. 
Further, this deposit means less mixture drawn in, due to the restricted 
volume. 



310. ALTERNATIVE SETTING.— Does the behaviour of a 
petrol motor tell you anythiag as to her need for 
cleaning? 

Ans. — Yes; because if dirty the engine will run badly, misfire 
frequently, adjustments soon altering, heavy wear and tear, loss of 
power and generally run in any way but the right one. 



REGULATIONS 

RELATING TO THB 

EXAMINATION OF ENGINEERS. 



CHAPTER I. 



GENERAL RULES. 

I. Authority for Begrilations* — These regulations are issued in 
pursuance of the Merchant Shipping Act, 1894 (57 and 58 Vict., c. 60). 

In accordance with section 92 of that Act, '* every British foreign- 
going ship* and every British home-trade passenger ship,* when going 
to sea from any place in the United Kingdom, and every foreign 
steamship carrying passengers between places in the United Kingdom, 
shall be provided with officers duly certificated under this Act according 

to the following scale : — 

* « « * 

(d) If the ship is a foreign-going steamship of one hundred 
nominal horse-power or upwards, with at least two engineers, 
one of whom shall be a first-class, and the other a first-class 
or second-class engineer, duly certificated. 
{e) If the ship is a foreign-going steamship of less than one 
hundred nominal horse-power, or a sea-going home-trade 
passenger steamship, with at least one engineer who is a 
first-class or second-class engineer duly certificated.'' 
An officer is not duly certificated unless he is the holder for the 
time being of a valid certificate under the Merchant Shipping Act of a 
grade appropriate to his station in the ship, or of a higher grade. 

* " Foreign-going ship " includes every «hip emplotyed in trading or going between some place 
or places in the United Kingdom, and some place or places situate beyond the following limits ; 
that is to Bay, the coasts of the United Kingdom, the Channel Islands, and Isle of Man, and the 
Continent of Europe between the River Elbe and Brest inclusive. " Home-trade ship " includes * 
every ship employed in trading or going within the following limits ; that is to say, the United 
Kingdom, the Channel Islands, and Isle of Man, and the Continent of Europe between the River 
Elbe and Brest inclusive. *' Home-trade passenger ship" means every home-trade ship employed 
in carrying passengers. 

253 
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If any person, having been engaged as one of the above-mentioned 
officers, goes to sea as such officer without being duly certificated, or 
employs a person as an officer, in contravention of the above provisions 
of the Merchant Shipping Act, without ascertaining that the person so 
serving is duly certificated, that person shall be liable for each offence 
to a fine not exceeding fifty pounds. 

By section 96 of the same Act provision is made for holding 
examinations for the grant of certificates of competency, and power is 
given to the Board of Trade to regulate the conduct of the examinations 
and the qualification of the applicants. 

2. Time and Place of Examinations.— The times and places 

at which examinations are held are shown in Appendix A, of these Regs. 

3. How to Apply. — Candidates for examination must fill up a 
form of application (form Exn. 3) at a Mercantile Marine Office. The 
form, properly filled in, together with the candidate's certificate of 
apprenticeship, testimonials, and discharges, must be lodged with the 
local Examiner of Engineers not later than the day before the day of 
examination, except in the case * of London and Liverpool.*^ As 
discharges and testimonials may have to be forwarded to the Registrar- 
General of Seamen for verification, it is desirable that they should be 
handed in, together with the form of application, as many days as 
possible before the date of the examination which the candidate desires 
to attend. In the absence of the necessary verification the candidate 
cannot be examined. 

In all cases in which certificates of discharge in the home or other 
trade which have not been officially issued at a Mercantile Marine 
Office are produced as evidence of any part of a candidate's qualifying 
service, they should be submitted to the Registrar-General of Seamen 
for verification. 

4. Gaps in Service. — The examiner should be particularly careful 
to ascertain that there are no gaps in the candidate's service which are 
not properly accounted for before he is allowed up for examination. 

5. Caleulation of Service. — The candidate's service, as shown 
on his discharges, should be reckoned by the calendar month, /.^., the 
time included between any given day in any month and the preceding 
day of the following month, both inclusive. The number of complete 
months from the commencement of the period, ascertained in this way, 
should be computed, after which the number of odd days should be 
counted. The day on which the agreement commences as well as that 



* At London applications for examination most be made on Fridays or Saturdays during ofBce 
hours ; at Liverpool on Mondays or Saturdays during of&ce hours. 
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on which it terminates should both be included, and all odd days 
should be added together and reckoned at 30 to the month. 

6. Service must be Verified. — Service which cannot be verified 
by proper entries in the articles of agreement of the ships in which the 
candidates have served cannot be counted. 

7. Application in Special Cases. —In cases where the services 
of a candidate require Verification, or where he is in doubt whether his 
service complies with the regulations and wishes to submit his case 
for special consideration, all certificates, discharges, and testimonials, 
together with the form of application,* properly filled in, should be 
submitted to the local Examiner of Engineers. If necessary the 
examiner will, after seeing that all the required information is clearly 
stated in the papers, forward them with his observations to the 
Registrar-General of Seamen, who will either deal with the case or 
transmit it to the Board of Trade for decision. 

8. Inquiries. — All other inquiries regarding examinations should 
be made and dealt with in the same way. The point on which 
information is sought should be clearly stated, and certificates, dis- 
charges, testimonials, etc., should be forwarded when they are material 
to the inquiry. 

9. Ag'e. — Should any doubt exist us to the age of a candidate, he 
will be required to produce a certificate of birth. 

10. Fraud and Misrepresentation.— It is provided by section 

104 of the Merchant Shipping Act, 1894, that any person who makes, 
assists in making, or procures to be made, any false representation for 
the purpose of procuring either for himself or for any other person a 
certificate of competency, shall in respect of each offence be guilty of 
a misdemeanour, which is punishable, on summary conviction, with 
imprisonment for a term not exceeding six months, with or without 
hard labour, or with a fine not exceeding one hundred pounds. 

11. Testimonials; Shore Service.— All candidates will be re- 
quired to produce, in addition to the official discharge certificates, 
testimonials as to their' workshop service and as to their service at 
sea. The testimonials as to workshop service must be signed by the 
employer, and must testify to the candidate's conduct and ability, and 
state what kind of work he was engaged on {e,g,^ fitting, erecting, 
turning, machine work, etc.), and for how long. {See paragraph 36.) 

12. Testimonials; Sea Service.— Testimonials as to service at 
sea must testify to the applicant's sobriety, experience, ability, and 
general good conduct for at least the last twelve months' service at sea 

*Fonn Exn. 8, which can be obtained at any Mercantile Marine Office. 
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preceding the date of application to be examined.* They must be 
signed by the master and chief engineer, or, in the case of testimonials 
to chief engineers, by the master and superintending engineer, and 
must clearly state whether the applicant was on regular watch, and in 
regular charge of a watch on the main engines or boilers. It is 
desirable that testimonials of candidates should be endorsed by the 
superintending engineer. No time spent in clerical work will be 
allowed to count. 

13. Further as to Testimonials. — In cases where a testimonial 
from the chief engineer or from the master is for any sufficient reason 
not obtainable, one may be submitted from the superintending engineer 
in place of that of the chief engineer, and from the marine super- 
intendent in place of that of the master, or from the managing owner 
or secretary or chairman of a large company in place of either ; but in 
every such instance the testimonial must declare that the facts stated 
are in accordance with the reports made by the chief engineer or the 
master, as the case may be, or else that the facts are within the writer's 
personal knowledge. 

14. Penalty for Misconduct. — Candidates who have neglected 
to join their vessels after having signed articles, or who have deserted 
their vessels after having joined, or who have been found guilty of 
gross misconduct on board, will be required to produce satisfactory 
proofs of two years' subsequent service and good conduct at sea, unless 
the Board of Trade, after having investigated the matter, should see fit 
to reduce the time. 

15. Physical Defects. — When a candidate is observed to be hard 
of hearing, or is labouring under any other obvious physical defect, the 
signatories of his testimonials are required to mention that defect 
specifically, and to state whether it in any way interfered with the 
efficiency of the candidate as an engineer on watch. When these 
modified testimonials are such as to completely satisfy the examiner 
that the defect is not such as to interfere with the efficient discharge of 
the applicant's duties as engineer, the examination is proceeded with ; 
otherwise the case is referred to the Board of Trade. Candidates 
afflicted with nervous impediment in speech may write their answers to 
viva voce questions. 

16. ForeigTl Service. — The testimonials of service of foreign or 
British engineers serving in foreign vessels, which cannot be verified 
by the Registrar-General of Seamen, must be confirmed either by the 

* Note by Author. — Candidates should here read the paragraph on sea service which follows 
paragraph No. 83 of these Regulations. 
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Cpnsul of the country to which the ship in which the candidate served 
belonged, or by some other recognised official authority of that country; 
or by the testimony of some credible person on the spot having 
personal knowledge of the facts required to be established. The 
production, however, of such proofs will not of necessity be deemed 
sufficient Each case must be decided on its Own merits ; and if the 
sufficiency Of the proofs given appears to be at all doubtful the point 
must be referred to the Board of Trade. . , i 

17. Fopeigrn Engineers must know English. — Foreign 

engineers must prove to the satisfaction of 'the examiners that they cari 
speak arid write the English language sufficiently well to perform the 
duties reqxiired of them i on board a British vessel. In every case, 
before failing a candidate for insufficient knowledge of the English? 

« 

language, the examiner should refer the matter to the local Senior. 
Examiner. , Where the port has only one examiner, the matter should 
be referred to the Senior Examiner of the district, who, if the failure be* 
confirmed, will endorse the report on the form Exn. 15. 

18. Issue of Certiflcate. — If the candidate passes he will receive- 

a form (form Exn. 16) authorising the Superintendent of the Mercantile 
Marine Office to whom it is addressed to issue the certificate. The. 
candidate's testimonials and other papers will be returned to him. when 
the examination is finished.^ It is therefore important that the port at' 
which the certificate is to.be issued should be the same on both the 
form Exn. .16 arid the form of application, Exn. 3. If circumstances 
should make any alteration necessary,. the examiner should see that it' 
is made in both forms ; otherwise delay in the issue of the certificates 
may be caused. 

19. Service Found to be Insuflttcient.— If after a candidate 

has passed the examination it is discovered on further investigation I 
that his services are insufficient to entitle him to receive a certificajte of 
the grade for which he has passed, the certificate will not be granted 
to him ; but if the Board of Trade are satisfied that the error in the 
calculation of the candidate's services did not occur through any fault 
or wilful misrepresentation on his part, he may eithdr have the fee 
returned to him or have it placed to his credit Should his services 
entitle him to a certificate of a lower, grade it may be granted to him, 
and the difference, if any, between the fee paid by him for the superior 
certificate and the fee payable for the inferior certificate will be 
returned to him or placed to his credit. The superior certificate will 
not be granted until the candidate has performed the amount of 
service in which he was deficient, and has been re-examined in all the 
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subjects, unless the Board of Trade see fit to dispense with the 
re-examination. 

3o. Failure in Examination. — If the candidate fails in practical 
knowledge he may not present himself for re-examination until he can 
produce proofs of three months' further service at sea as engineer on 
watch on the main engines or boilers of a foreign-going steamer^ or its 
equivalent in the hothe trade (four and a half mohihs) subsequent to 
the date of failure. If he fails in arithmetic, elementary questions, or 
drawing only, he may come up again at any time, but in all cases of 
failure any re-examination must begin entirely afresh. 

Failure in a number of elementary questions invoMng fundamental 
principles, or in questions ignorance of which might lead an engineer 
to do something actually unsafe in the management of any part of a 
ship's machinery, will be regarded as failure in practical knowledge. 

21. Fee must be Paid. — Candidates for examination, in making 
their application on the form £xn. 3, will be required to pay the 
examination fee before any step is taken towards inquiring into their 
services or testing their qualifications, etc. If the candidate is found 
not to be qualified, the fee will either be returned to him or placed to 
his credit until he is qualified. 

22. Payment of Fees, and Penalty for Offerlngr Grattiity.— 

The fee for examination must be paid to the Superintendent of the 
Mercantile Marine Office in the cash office. If a candidate offers a 
gratuity to any servant of the department, he will be regarded as having 
committed an act of misconduct, and will be rejected, and not allowed 
to be examined for twelve months, either at the port where the offence 
was committed or at any other port. 

23. Fees not Returned on Failure.— If a candidate fails in 

his examination no part of the fee he has paid will be returned to him. 
24. Table of Fees. — The fees are as follows : — 

Second-class engineer's certificate - - ;^i o o 
First-class engineer's certificate - - - -200 
First-class engineer's certificate, if the candidate 
holds a second-class certificate of competency 
granted by the Board of Trade or by the ' 
Government of a British Possession under the 
Merchant Shipping Act - - - -100 
Extra first-class engineer's certificate - - -100 
Extra first-class engineer's certificate if the candi- 
date has not been examined for and obtained 
a first-class certificate .^ o ' o 
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CHAPTER II. 



QUALIFICATIONS REQUIRED FOR THE 

VARIOUS GRADES. 



Ordinary Certificates. 
25. Value of Ordinary Certificates.— Ordinary certificates 

will entitle the holders to go to sea in the grade certified as engineers 
of any vessel in the British Mercantile Marine. 

26. Second-class Engineer. — A candidate for a second-class 
engineer's certificate must not be less than 21 years of age; 

(a) He must have served as an apprentice engineer for four years 
at least, and prove that during the period of his apprentice- 
ship he has been employed in the manner set forth in 
paragraph 36 of the Regulations relating to the examination 
of engineers. 

> 

Journeyman's time will be considered as equivalent to 
apprenticeship. 

Every applicant must produce testimonials of ability as a 
practical engineer to the satisfaction of the Board of Trade. 

If the candidate has served as an apprentice engineer or as 
journeyman, under the conditions above prescribed, for 
less than four years, he will be required to make up the 
deficiency or to complete this period of four years by 
service as engineer at sea on regular watch on the main 
engines or boilers (i) of a foreign-going steamer of not 
less than 66 nominal horse-power, or (2) of a home-trade 
steamer of not less than 66 nominal horse-power, such 
service to be counted as equivalent in the case of (i) to 
two-thirds, and in the case of (2) to four-ninths, of service 
as apprentice engineer or as journeyman. 

If the candidate has not served at all as apprentice engineer 
or as journeyman, he will be required to have served at 
sea, in lieu thereof, as engineer on regular watch on the 
main engines or boilers, six years in a foreign-going 
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steamer of not less than 66 nominal horse-power, or nine 
years in a home-trade steamer of not less than 66 nominal 
horse-power. 

{b) In addition to the apprenticeship as above described, or the 
alternative sea service, the applicant must have served 
eighteen months at sea as engineer on regular watch on the 
main engines or boilers ^f a foreign-going steamer of not 
less than 66 nominal horse-power ; or twenty-seven months 
in a home-trade steamer of not less than 66 nominal 
horse-power. 
{See also paragraphs 47, 48, 49, and 50 of the Regulations.) 

{c) He must write a legible hand, and have a good knowledge of 
arithmetic up to and including vulgar and decimal fractions 
and square root. He must also be able to apply these 
rules to questions relating to safety valves, coal con- 
sumption, consumption of stores, capacities of tanks, 
• bunkers, &c., and other similar problems j and be able to 
calculate the suitable working pressure for a steam boiler 
of given dimensions and the stress per 'square inch on 
. crank and tunnel shafts and other parts of the machinery 

when the necessary data are furnished. 

{d) He must be able to pass a creditable examination as to the 
, ^ various designs of paddle and screw engines in general use, 

including turbines; as to the details pf the different working 
parts, external and internal, and the use of each part. 

{e) He must have a satisfactory knowledge of the methods of 
construction of engines and boilers as used in the work- 
shop, and of the attention, required by the different parts of 
the machinery pn board ship. 

(/) He must be able to give a satisfactory description of boilers, 
and the methods of staying them, together with the use 
and management of the different valves, cocks, pipes, and 
connexions, 

{g) He must understand the precautions necessary to be taken 
when raising steam in boilers and . when opening stop 
valves to admit steam to pipes, etc. 

{h) He must understand how to make good the results of ordinary 
wear and tear to the machinery, how to, correct defects 
from accident, decay, etc.,, and how a ^ temporary or 
permanent repair could be effected in case of derangement 
or total break down. 
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(/) He must understand the use of the water gauge, pressure 
gauge, barometer, thermometer, and salinometer, and the 
prirjciples on which they are constructed. 
{j) He must be able to. state the causes, effects, and usual 

remedies for incrustation and corrosion. 
{k) He must be able to explain the methods of testing and 
altering the setting .of the slide valves, and methods of 
testing the fairness of shafts and adjusting them. 
(/) He must understand the construction and working of 
: . evaporators, feed filters, and feed heaters. 

{m) He must understand the. construction and working of cen- 
trifugal, bucket, and plunger pumps, and the principles on 
which they act. 
{n) He must understand the construction and working of steering 
.engines, electric light engines ar^d dynamos, electric 
motors, refrigerating maqhinery, hydraulic machinery, and 
such internal combustion engines as are used to drive 
[ ships' launches,; emergency and auxiliary machinery on 

board ship. 
{0) He must possess a creditable knowledge of the prominent 

facts relating to combustion, heat and steam, 
(/) He must be able to take off and , calculate indicator diagrams 
and understand the distribution of the steam in the 
cylinder as shown thereby. 
{q) He must be able to make a dimensioned working sketch or 

drawing of some simple part of the machinery. 
27. First-elass Engineer. — A candidate for a first-class 
engineer-^ certificate must be not .less than 22 J years of age. 

A more extended knowledge of the subjects named in paragraph 26 
will be requir^ed and in addition to the qualifications specified for a 
second-class engineer. 
{a) He must: — 

(i) have served at sea 'for eighteen months, with a second- 
class certificate pf coippetency or service, on regular 
watch on the main engines or boilers of a foreign-going 
steamship of not less than 99 nominal horse-power, as 
senior engineer in charge of the whole watch {see 
paragraph 41 of the Regulations); or 
(2) have served at sea for two years and three months, with a 
second-class certificate of competency or service, as 
first engineer of a home-trade steamer of not less than 
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99 nominal horse-power; or three years with a second- 
class certificate of competency or service as second 
engineer of a home-trade steamer of not less than 99 
nominal horse-power ; or 

(3) have served three years and nine months with a second- 
class certificate of competency or service as third or 
fourth engineer of a home-trade ^learner of not less than 
99 nominal horse-power, and during the entire period 
have been the senior engineer in charge of the whole ot 
a watch on the main engines and boilers {see also 
paragraphs 47, 48, 49^ and 50 of the Regulations ; or 

{4) possess, or be entitled to, a first class certificate of service. 

(b) His knowledge of arithmetic must include the mensuration of 

superficies and solids and the extraction of. square and 
cube roots, and the application of these rules to questions 
relating to the power, duty, and economy of engines and 
boilers, and to the stresses in rods, shafts, and levers ot 
the engine. He should also be able to calculate the 
effect of the application of the lever, pulley, inclined plane, 
and other mechanical powers. 

(c) He will be required to make an intelligible hand sketch, or a 

working drawing, of one or more of the principal parts of 
a steam engine or boiler, and to mark upon it all the 
necessary dimi^psions in figures, so' that the sketch or 
drawing could be worked from.* 

(d) He must be able to take off and calculate indicator diagrams, 

and to recognise and know how to correct defects in the 
distribution of the steam as shown thereby. 

{e) He must be. able to calculate safety-valve pressures and the 
strength of the boiler shell and riveting, and of the 
furnaces, fiat surfaces and stays. 

(/) He must be able to state the general proportions borne by the 
principal parts of the machinery to each other, and to 
calculate the direct stress, the torsional stress, and the 
bending stress in round bars, and the direct stress and the 
bending stress in rectangular bars with given loads. 

{g) He must be able to explain the method of testing and altering 
the setting of the slide valves, and to sketch approximately 
the difference any alteration in the slide valve will make in 
the indicator diagram. 

*See ADoendix D of the Regulations. 
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(/;) He must be conversant with surface condensation, super- 
beating, and tbe working of steam expansively. 

(/) He must understand the construction and working of, and 
be able to maintain in working condition the auxiliary 
machinery which is placed under his charge, viz, : refriger- 
ating machinery, electric light engines and dynamos, electric 
motors, hydraulic machinery, the various descriptions of 
steering engines, and internal combustion engines as used 
in launches and for auxiliary and emergency machinery on 
board ship, &c. 

(/ ) He must know how to provide against defects and breakdowns 
of the machinery, and be able to direct and carry out 
any ordinary repairs that may be required either to the 
engines or the boilers. 

28. First-class Certificates witliout Second.— The Board of 

Trade may see fit to allow an applicant who, in consequence of service 
abroad, has had no opportunity to obtain a second-class certificate, to 
be examined for a first-class certificate, although he does not possess a 
certificate of the lower grade, provided he is able to satisfy them as to 
the satisfactory character of his services, but these must be ample both 
as regards length and experience. As a rule, at least four years' sea 
service, a fair proportion of which must have been in a responsible 
capacity and qualifying for first class, will be required, but all 
applications under this paragraph should be submitted by the 
examiners to the Chief Examiner of Engineers for consideration. 

If any such candidate fails to pass the examination for the first-class 
certificate, but passes that for the lower grade, he may be given a 
second-class certificate of competency, but no part of the fee will be 
returned. If he fails in practical knowledge, he may be re-examined 
for a second-class certificate only, subject to the usual regulations 
relating to such failures. 

29. Extra First-class Engineer.— This examination is volun- 
tary, and is intended for such persons as wish to prove their superior 
qualifications, and are desirous of having certificates for the highest 
grade granted by the Board of Trade. 

30. Extra First-class Examinations when Held.— These 

examinations are held once in every three months, and at ports where 
examinations of engineers are ordinarily conducted. The examination 
extends over several days. According to present arrangements these 
examinations will begin on the second Tuesday in January, April, July» 
and October in each year. 
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31. Notice Required. — Notice must be given by the candidate 
at least one week before the day on which the examination begins, and 
these.' notices must be immediaiely reported by the examiners to the 
Chief Examiner in London. 

32. Qualifications Required.— A candidate for an extra first- 
class engineer's certificate must possess a first-class engineer's certificate 
and have served an apprenticeship of five years at least, or, as an 
equivalent, three- years' apprenticeship and three years at an approved 
technical school ; or he must have served for one year at sea on regular 
watch on the main engines or boilers of a foreign-going steamship of 
not less than 66 nominal horse-power as senior engineer in charge of 
the whole of the watch, while holding a first-class engineer's certificate. 

In addition to the qualifications specified for first and second-class 
engineers : — 

(a) He must be able to write good English and have sufficient 
knowledge of elementary mathematics, trigonometry, etc.', 
to enable him to work problems in mechanical science. 

(3) He must possess a thorough knowledge of the construction 
and working of the different forms of marine engines and 
propellers in all their details, including turbines and the 
various types of internal combustion engines ; must under- 
stand the fundamental principles on which they act; and 
be able to calculate the strength of the various parts. 

(c) He must be familiar with all the processes employed in the 

manufacture of machinery in an engineering workshop. 

(d) He must be acquainted with the general principles of 

theoretical and applied mechanics; must possess a know- 
ledge of the theory, of strain and stress ; and be able to 
deduce the ordinary rules for the bending of beams and 
for the twisting and bending of shafts. 

(e) He must be acquainted with the modern theory of heat, and 

be able to solve questions relating to temperatures 
pressures and volumes, power, economy and duty in 
connexion with engines and boilers. 

(/) He must be able to determine, by means of valve diagrams or 
otherwise, the distribution of steam in the cylinders and 
the effect in a compound engine of alterations in any one 
cylinder on the steam pressures, power, etc., of the others. 

(£) He must understand how to apply the indicator, and be able 
to draw the proper conclusions from the diagrams, and to 
construct the approximate diagrams from any given data. 
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{h) He* must be able to produce a fair working drawing of any 
part of the machinery, with figured dimensions fit to 
work from, 

(1) He must understand the theoretical principles governing the 

^ > action of the screw propeller and the paddle-wheel, and 

must be able to estimate numerically the effect in speed of 

ship and consumption of fuel due to any alteration in 

: pitch, diameter, revolutions, etc. 

(/ ) . He must be able to give a description of boilers, including 
< those of the water-tube type, and be familiar with the 
methods used in their manufacture, and must show that he 
possesses a knowledge of the theoretical principles which 
regulate their construction, and that he is able to calculate 
:: the strength of the various parts including the riveting, 
boiler, shell, f unices, flat plates, stays, etc. 

(k) He must understand the general nature of the strains and 
, stresses produced by steam pressure, temperature, etc., in 
the various parts of the engines and boilers. 

(/) He must have a knowledge of the . principles involved in 

, determining the size of a safety valve, and in the construc- 

tion of spring-loaded and deadweight valves. 

{m) He must possess a thorough knowledge of the practice and 
theory of combustion ; the chemical composition of fuels, 
coal, oil, etc. ; the evaporative duty of fuels of given com- 
» position ; the production of draught ; the effect in regard 
to economy, safety, and wear and tear, of increasing or 
diminishing the proportion of heating surface, of grate bar 
surface, of area of section of air passages, of area of water 
surface, of steam space and water capacity. 

^«) He must be able to explain the formation of scale and the 
precipitation of salt under various conditions, and the 
precautionary means adopted in respect thereto, with both 
jet and surface condensers. 

{0) He must understand the general principles involved in the 
construction and working of the barometer, thermometer, 
salinometer, steam and vacuum gauges and other instru- 
ments used in the engine room, also of those used, in deter- 
mining high temperatures and in conducting experiments 
on heat. 

{/) He must be familiar with the general results obtained from 
past experience in relation to corrosion, pitting, and 
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galvanic action in boilers, and the use of zinc and soda, 
and be able to explain the chemical reactions involved and 
know bow to guard against deterioration of the boilers. 

(ff) He must thoroughly understand the various causes and 
conditions which produce water-hammer action in steam 
pipes, the dangers occasioned thereby, and the precautions 
to be taken against them. 

(r) He must be able to give a variety of illustrations of how 
defects in the machinery have arisen from accident, 
imperfect construction, or deterioration, and to show how 
these defects might have been prevented, and the best way 
of repairing them. 

(s) He must be familiar with the properties and processes ot 
manufacturing and testing the ordinary materials used in 
the construction of machinery, and must possess an 
intelligent knowledge of the composition and properties of 
the lubricants, boiler cements, india rubber, etc., in general 
use in steamers. 

(/) He must understand the causes of spontaneous combustion 
and the formation of explosive gases in coal holds, oil 
tanks, eta, and the precautionary measures proper to 
prevent accidents from these causes. 

(f^) He must be acquainted with the fundamental prindples and 
practice of the generation of electricity and its application 
to various purposes on board ship, and be able to describe 
and explain the working of the various machines, appliances, 
and instruments used. 

(v) He must be able to explain the construction and working of 
the refrigerating machinery in use on board ship, the 
electric lighting plant, the steering engines, hydraulic and 
pneumatic engines, the pumps, and all auxiliary machinery 
placed under the chief engineer's control, and also have 
a knowledge of the other machines and appliances usually 
found on board ship. 

(w) He must possess a knowledge of the stability of floating 
bodies, and of the laws which govern the rolling of ships, 
and be able to make calculations as to the effect of filling 
or emptying ballast tanks, working coal or cargo into or out 
of the vessel, moving of weights on board, etc. 

(x) He must possess a practical knowledge of ship construction 
and understand the elementary principles involved, and 
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be able to deal with engine and boiler seatings and to 
supervise and direct any repairs that may be refquired to 
an iron or steel ship. 
If the candidate does not obtain 67 per cent, of the total number 

of marks allotted for the papers he will be declared to have £siiled. 

The papers will be founded chiefly on the foregoing sub-paragraphs. 

33. Marine Technical Schools.— A candidate for either a 

second-class or a first-class certificate who, within two years from 
the date of application to be examined, has attended an approved 
course comprising general mathematical and scientific instruction at a 
technicar school recognised by the Board of Trade as suitable for the 
training of marine engineers will be allowed to count time so spent as 
equivalent to sea service in the ratio of three months at the technical 
school to two months at sea. Time so spent cannot be accepted as 
equivalent to more than one-sixth of the total sea service required for 
either certificate, but a candidate who has been allowed to count such 
time on examination for a second-class certificate will not be debarred 
from counting similar subsequent time on examination for a first-class 
certificate. 

. Time spent in an approved marine technical school subsequent to 
obtaining a first-class certificate, and within two years from the date of 
application to be examined, may also be accepted as forming part of 
the qualifying service required under paragraph 32 of the Regulations 
in the case of candidates for extra first-class engineer's certificates, but 
if such time is substituted for sea service it will only count as equivalent 
thereto in the ratio of three months at the school to two months at sea. 

In every case in which an allowance is made for time spent at a 
marine technical school, the candidate will be required to produce the 
principal's certificate for continuous and regular attendance at all the 
approved classes and for satisfactory progress. 

Each candidate who claims remission of sea service on account of 
attendance at a recognised marine technical school must produce his 
class note books when he makes application to be examined. 

These books will be forwarded to the Chief Examiner of Engineers, 
in order that he may satisfy himself that the candidate has followed the 
approved course of instruction, and that the remission of sea service 
claimed may be allowed accordingly. 

Application for examination of candidates claiming remission of sea 
service should, as a rule, be made at least a week before they desire to sit. 

A list of the marine technical schools recognised for this purpose 
is given in Appendix K. 
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Sea Service.— It is desirable that the whole of the candidate's sea 
service should be covered by testimonials certifying to his sobriety, 
experience, ability, and general good conduct, but in future the usual 
testimonials will be required for at least the last i8 months at sea 
preceding the date of the application to be examined. 

All candidates, including those for first class who have not been in 
charge of the whole of a watch but qualify under paragraph 41 of the 
Regulations as the second or third senior of the watch and have been 
in charge of a section of the machinery only, will be required to have 
served at sea on regular watch on both- the main engines and the 
boilers, not less than six months being spent on each. 

The service described in paragraphs 47, 48, 49, and 50 of the 
Regulations may as heretofore be accepted as qualifying for examination 
in accordance with the conditions specified in thpse paragraphs. 

Certificates for Engrineers of Home-trade Passengrer 

Ships propelled by Oil Engines. 

34. Oil Engine Certificates. — Candidates may be examined fox 
second-class certificates of competency as engineer of vessels propelled 
by oil isngines. ' 

These certificates will entitle the holders to go to sea as second- 
class engineers of home-trade passenger ships propeUed by oil engines, 
but will not entitle them to go to sea as second-class engineers of 
foreign-going ships or of home-trade passenger steamships. 

35. Second-class Engineer (Oil Engines).— A candidate for 

a second-class oil engine certificate must be at least 2 1 years of age. 
{a) He must prove : — 

(i) Four years' experience at the making or repairing of 
machinery, of which at least six months must be at the 
making or repairing of oil engines, or 

(2) Three and a half years' experience in charge of engines 

and boilers at sea or an equivalent suitable experience^ 
on shore, 
and, in addition to either (i) or (2) : — 

(3) Six months' experience with oil engines at sea. 

Note. — Alternative service to the above may be considered, 
but it is essential that the candidate should have experience 
with oil engines^ and have spent at least six months at sea in 
the engine-room of a sea-going vessel. 
{b) He must write a legible hand, and have a good knowledge of 
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arithmetic up to and including vulgar 4nd decimal fractions 
and square root. He must also understand the application 
of- these and other rules to problems relating to spring and 
lever-loaded relief valves, and be able to solve questions 
about the relative speeds of a vessel at different revolutions, 
the capacity of oil tanks, etc. 

(c) He must be able to give a clear explanation of the priilciple. 

on which an oil engine works,^ and ta show by means of 
illustrative sketches and otherwise that he understands the: 
construction of those in general use. 

(d) He must be able to describe the chief causes which mayi 

make the engine difficult to start, and to explain how he 
would proceed to remedy any defects. r 

(e) He must be able to show that he understands the mechanism 

of the starting and reversing arrangement, and is competent 
to deal with defects which may lead to failure in the 
prompt handling or reversing of the engine. < 

(/) He must have sufficient mechanical ability to be able to 
overhaul th^ engine, to adjust the working parts, and to 
put the engine together again in good working condition. 

(g) He must be able to give satisfactory answers to the elementary 
questions numbered 3Q5 to 310 inclusive. (See pp. 237 
to 251 of this book. 

(k) He must be able to prove (by actual trial if practicable) that 
he is competent to manipulate an oil engine when under 
way by starting, running the engine, stopping, reversing or 
slowing down. 

(/) He must understand what is meant by the flash point, and 
have k knowledge of the explosive properties of the oi^ 
generally used in oil engines when exposed in the open air, 
and the danger of exposing any vapour from the oil to a 
light or of allowing any leak frotn the oil tanks, particularly* 
into the vessel's bilges. - 

(j) He must understand the action of wire gauze diaphragms 
wheti placed in pipes and connections to oil tanks, etc., for 
the purpose of preventing the explosion or ignition of oil 
vapour therein. . . 

(k) He must be able to take the necessary precautions to ^uard 
against the escape of inflammable vapour from the 
vaporiser when the engines are stopped". 

( /) He must be able to explain the principle and constructioa 
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of a dynamo and the construction and arrangement o^ 

primary and secondary batteries and induction coils, so 

far as is necessary for the efficient management of an oil 

engine. 

36. Workshop Serviee. — Workshop service must have been 

performed in works where steam engines, boilers, etc., are made or 

repaired, but no time §erved before the age of 15 will be counted. 

Not less than two years of the apprentice time mUst have been 
spent at fitting, erecting, or repairing engines and machinery either in 
the works or outside. The remaining two years may be made up of 
time spent in engine works at fitting, erecting, or repairing engines and 
machinery or at one of the other branches of the trade given below, or 
at an approved technical day school {see Appendix K) ; the time so 
spent to count as follows : — 
Fitting, erecting, repairing or 

turning Full time. 

Working in drawing office ... Full time up to one year, and 

beyond one year one-half time. 

Pattemmaking One-half time with a maximum 

allowance of one year. 
Planing, slotting, shaping, and 

milling One-third time. 

Boiler-making or repairing ... One-half time. 

Smith work One-half time with a maximum 

allowance of one year. 

Coppersmith work One-third time with a maximum 

allowance of six months. 
In the event of the apprentice time being extended to five years or 
more, four years at turning followed by one year at fitting or erecting 
may be accepted as qualifying. 

This paragraph applies only to works at which the making and/or 
repairing of steam engines, boilers, etc., forms part of the regular 
business for which the works exist. Service at works where the 
repairing of steam engines, boilers, etc., is merely incidental to the 
running of plant, however large, which is used for the production of 
power for other machinery, etc., should be dealt with under paragraph 
^"^^ each case being considered on its merits. 

37. Workshop Service other than the above.— When the 

workshop service has been performed in a place where engines are 
made, but not in the manner specified in paragraph 36, the.case must 
be referred to the Board of Trade with a report upon the service 
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performed If the service be such as is useful training for an engineer, 
the Board may accept the service ; but in every such case the applicant 
must prove additional engine room or marine engine workshop service 
as required in the succeeding paragraph. 

38. Workshop . Service where Engines are not made.— 

Allien the workshop service has been performed in a place where steam 
enginei^re not made or repaired, and the class of work done is similar 
to that required in engine making, the service may be accepted with an 
additional year of qualifying service; that is, four years' workshop 
service and either two years at sea on regular watch, or one year at 
engine fitting in a suitable marine engine workshop and one year at sea 
in the engine room. The approval of the Board of Trade must be 
obtained in every such case before the candidate is examined. 

Servloe in Colonial and Foreign Workshops.— Paragraphs 

36 to 38 apply to service in the United Kingdom only. Service in a 
Colonial or foreign workshop will not be accepted unless the examiner 
is satisfied in each case that its value is substantially equivalent to that 
of service performed in the United Kingdom. In cases where the 
examiner is not satisfied that the value is equivalent, he will refer to 
the Chief JBxaminer of Engineers. 

Workshop service in India is in no case to be taken as equivalent 
to more than four-fifths of the same period of service in the United 
Kingdom. 

39. Technical Schools. — Time spent after the age of 15 at a- 
technical day school (recognised by the Board of Trade as suitable) 
where there is an engineering laboratory, may be taken into account and 
accepted as equivalent to artisan service, usually at the ratio of three 
years in the technical school to two in artisan service, provided that the 
applicant has taken the full engineering course and can produce the 
principal's certificate for regular attendance at all the approved classes 
and for satisfactory progress i and provided also that the remaining 
portion of the time has been spent in works where steam engines, 
boilers, etc., are made or repaired, in accordance with the scale of 
values indicated above. 

Time spent in attending evening classes in. engineering at approved 
technical schools will similarly be allowed to count under the following 
conditions : — 

(i) Each candidate claiming an allowance for time spent in 
attending evening classes at a technical school must pro- 
duce a certificate signed by the principal of the school to 
the effect that he has attended regularly at a definite class 
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or classes, which should be specified, and has made satis 
factory progress. This certificate must also state the total 
number of hours spent by the candidate in attending eacn 
class. ^ 

(2) Time sf)ent by the candidate in attending siich classes as ba/e 
'a direct bearing on the training of a marine engineer will )e 
reckoned at the rate of five hours to one day. The toal 

* number of days so obtained will then be accepted in lieu of 

* a certain fraction of the same period of workshop serviicv 
This fraction will be fixed for each school at the time of 
approval, and will generally be two-thirds. « » 

' ' (3) A candidate who has attended a technical school in the even- 

• ing, while being employed as an apprentice or journeymen 

^ engineer during the day, must, in order that the school 

time may be accepted, produce satisfactory proof that he 

has spent the full working day in the works, at which he ii 

' em'ployed, before attending the school. Such proof will 

usually take the form of a statement in the testimonial as D 

' wt)rkshop service given by the employer. 

(4) Allowance will only be given for classes attended after the 
candidate has reached the age of 15^ 
For list of approved technical schools and time allowed for attend- 
ance at each, see Appendix K. 

40. Sea Service.^ — The sea service required by these Regulations is, 
unless otherwise stated, service performed in foreign-going ships of it 
least the nominal horse-power specified for the respective grades of 
tertificate. The nominal horse-power, as given on the vessel's certi- 
ficate of registry, may in all cases be accepted by the examiners.* • 

41. Qualifying Sep vice defined.— In the case of candidates for 
first-class certificates, qualifying service means, as a rule, service on 
regular watch on the main engines or boilers as senior engineer in 
charge of- the whole watch. When, however, three or four engineers 
are on watch at the same time the service of the two seniors may be 
allowed to count, and when not less than six engineers are on watch 
together that of the three seniors, provided a certificate from the 
superintending engineer is produced stating the number of engineers on 
watch, the rank held by the applicant and that he was in full charge of 
a watch on a definite section of the main engines or boilers. During 
the whole of the period claimed, candidates must have been in 
possession of second-class certificates. 

In the case of candidates for second-class- certificates qualifying 



REGULATIONS RELATING TO EXAMINATION OF ENGINEERS 273 

service means service as engineer on regular watch on the main 
engines or boilers. In np case will time spent in clerical work be 
allowed to count 

42. Further as to Qualifying: Service.— Only such service as 

gives the experience required to make a man thoroughly competent as 
-a sea-going -engineer is accepted as qualifying service. Even for a 
second-class certificate the candidate must prove to the satisfaction of 
the examiner that he is qualified by experience and knowledge to act 
as chief engineer in an under-powered steamer of 99 nominal horse- 
power on a voyage, say, from England to Egypt, taking full responsi' 
bility for engines and boiler. 

43. FoPjeigcn Engineers, —Foreign engineers cannot be examined 
for a first-class or extra first-class certificate unless they have performed 
the sea service stated in paragraphs 27 and 32 respectively, with the 
requisite British certificate. The service may have been performed in 
foreign vessels if the candidate can produce satisfactory testimonials as 
to conduct and character, and is able to prove that the service has 
been in the required capacities, and that during the period of service 
he has held a British certificate of competency of the rank required by 
the Regulations {sH paragraph 16). 

44. Names on Articles. — In all cases the candidates' names 
must have been duly entered on the ship's articles as engineers in their 
proper ratings. / 

45.' Regular Watch. — Being on regular watch means being on 
watch for at least eight hours a day. 

46. Home-trade ServicCi — Service in the home or coasting 
trade is reg^arded as being equivalent to two-thirds of the same period 
of time served in the foreign trade- except where other allowances are 
specified. See paragraphs 27 (a) (2) and (3), 47, 49, and 50. 

47. Lake or River Service. — Service as watch-keeper on a lake 
or river steamer of not less than 66 nominal horse-power may be 
accepted under the following conditions : — ' 

(a) the service will only count half as much as sea service; ;>., 
every two months of lake or river service is only equivalent 
to one month's foreign-going sea service ; 

{b) candidates for second-class certificates must prove, in addition 
to the lake or river service, at least three months' qualifying 
service at sea in a foreign-going steamship of not less than 
66 nominal horse-power, or four and a half months' similar 
service in the home trade ; 

{c) candidates for first-class certificates must prove, in addition to 
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lake or river, service in vessels of not less than 99 nominal 
horse-power, at least six months' qualifying service at sea, 
with a second-class engineer's certificate, in foreign-going 
vessels of not less than 99 nominal horse-power or nine 
months' similar service in the home trade. 

48. Service in Auxiliary 'Screw Steamships.— Service per- 
formed on board auxiliary screw whalers and other vessels with 

auxiliary steam power of not less than 66 nominal hors»-power, in the 
capacity of engineer may be allowed to count towards qualifying 
candidates for examination for second-class engineers' certificates of 
competency to the extent of one-half the time the vessel is actually at 
sea. If the candidate is able to prove a larger amount of time under 
steam, he will be allowed to count the whole of such extended time. 

49. Service in Dredgrers, Fishingr Boats, Tug* Boats, or 

Pilot Vessels. — Service in sea-going steam dredgers, fishing boats, or 
tug boats, and in sea-going pilot vessels when on their station or when 
going to or returning from the same, may be accepted under the 
following conditions : — ^Two months of such service is only equivalent 
to one month's qualifying service in a foreign-going steamer. Candi- 
dates for second-class certificates may perform all their sea service in 
sea-going steam dredgers, fishing boats, tug boats, or pilot vessels, but 
they must have been on regular watch on the main engines or boilers, 
and the vessels must not be less than 66 nominal horse-power. 
Candidates for first-class certificates must while in possession of a 
second class ^certificate have served in vessels of at least 99 nominal 
horse-power, and have been in charge of a watch on the main engines 
or boilers. They must, in addition, have served in a qualifying 
capacity for at least six months in a foreign-going cargo or passenger 
steamship, or nine months in a home-trade cargo or passenger steamship. 

Where an engineer is employed on a fishing or other vessel and is 
required to do stoking or other work not usually performed by an 
engineer in the Mercantile Marine, such service cannot be accepted 
as qualifying. 

The examiners of engineers will in all cases satisfy themselves that 
service on fishing boats, when claimed as qualifying for a certificate as 
engineer, is of a similar nature to that performed by engineers in the 
Mercantile Marine 

50. Service in Tachts« — Service performed in steam yachts, 
either within or beyond home-trade limits, may be accepted as 
equivalent to two-thirds of the time performed in foreign-going trading 
vessels, provided that the candidate's name is entered on the vessel's 
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articles, and that he caii prove, to the satisfaction of the examiner, that 
the time claimed was actually served at sea. 

Candidates for second-class certificates may perform all their 
service in yachts, but the candidate must have been on regular watch 
on the main engines or boilers, and the vessel must be of not less than 
66 nominal horse-power. 

Candidates for first-class certificates must have served on vessels of 
not less thain 99 nominal horse-power, and must have been in regular 
charge of the main engines or boilers. In addition they must have served 
for at least three months in a qualifying capacity on board a foreign- 
going cargo or passenger steamship. This additional service will, 
however, not be required in the case of a candidate who has served for 
eighteen months as first engineer, or for two years as second engineer^ 
of a steam yacht of the requisite power. 

51. Certifleates of Service. — An ofScer who has attained the 
rank of engineer lieutenant or engineer sub-lieutenant in His Majesty's 
Navy or the rank of engineer or assistant engineer in the Indian Marine 
Service is entitled without examination, if an engineer lieutenant or 
engineer, to a certificate of service as first-class engineer, and, if an 
engineer sub-lieutenant or assistant engineer, to a certificate of service 
as second-class engineer. These officers may be examined for a 
certificate of competency on the same conditions as engineers of the 
Mercantile Marine. 

An officer who has attained the rank of chief artificer engineer in 
His Majesty's Navy is also entitled without examination to a certificate 
of service as second-class engineer. 

52. Examination of Engrine Room Aptiflcers.— Artificer 

engineers, chief engine room artificers, engine room artificers, and 
mechanicians in the Royal Navy may be examined for certificates of 
competency on the same conditions as engineers of the Mercantile 
Marine 

53. Application by Naval Officers.— The Lords Commissioners 

of the Admiralty have directed that applications from officers, of the 
Navy for certificates of service or for permission to be examined for 
certificates of competency must, in the case of officers on the active 
list, be made through the commanding officer to the Secretary to the 
Admiralty, and in the case of officers who are on half pay or who have 
retired, direct to the Secretary to the Admiralty, who in either case will 
forward the applications to the Board of Trade. 

It is not necessary for applications of chief engine room artificers 
and mechanicians, who have left the Royal Navy and who desire to be 
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examined for certificates of competency as engineers in the Mercantile 
Marine, to be fcrwarded either through their commanding officers or 
through the Admiralty. Men who are still serving in these ratings 
in the Royal NaVy should make their applications through their 
commanding officers. 

Artificer engineers, however, being warrant officers, should make 
their applications in the same manner as that laid down for other 
officers of the Royal Navy. 

54. Masters' and Mates' Examination in Steam.— Particulars 

of the examination of masteips and mates in steam will be found in 
Appendix G of these Regulations. 

55. Certificates. — The term "certificate" in these Regulations 
means a certificate issued 'by the Board of Trade, or by a British 
Possessioii under Order in Council in accordance with sec. 102 of the 
Merchant Shipping Act, 1894. A list of the Colonial certificates 
issued under Order in Council is given in Appendix H; and the 
holder of a certificate so issued must not be examined in the United 
Kingdom for a certificate of the grade already held. 

56. Colonial Local Certificates.— The holder of a Colonial 

certificate of competency not granted under the Merchant Shipping 
Act, or of a certificate of competency granted after examination on 
board one of His Majesty's ships, who wishes to- be examined for a 
Board of Trade certificate of the same grade, must prove that he has 
performed the amount of service required by these Regulations for that 
grade, and complied with the conditions laid down as to testimonials. 
No fee will be demanded for the first attempt, but if the candidate fails 
the usual fee will be demanded on any subsequent attenipt 

All Colonial certificates for marine purposes, whether local or 
issued under Order in Council, must be given up before a further 
certificate is issued by the Board of Trade. . 
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CONDUCT OF THE EXAMINATIONS. 

57* Commencement and Duration of Examinations.-— The 

examinations will, as a rule, commence at lo a.m., and will be 
continued from day to day until all the candidates whose names appear 
upon the superintendent's list on the day of examination are examined. 

58. Candidates to be Punctual. — Candidates are required to 
appear at the examination room punctually at the time appointed. 

59. Tables to be Cleared. — Before commencing the examination 
the tables and desks must be cleared of all scraps of paper, or books 
that are not used in the examination, and care should be taken that 
the candidates while in the examination room do not have in their 
possession any book or paper, except as specified in paragraph 64. 

60. Strangcers not Admitted. — No persons will be allowed in 
the rooms during the examinations other than those whose duties 
require them to be present. 

No instructors will be allowed on the premises. 

6r. Face Sheet and Blotting Paper.— At the commencement 
of the examination a face sheet should be given to each of the 
candidates, and they should be instructed to read the rules contained 
therein. A sheet of blotting paper will be issued to each candidate 
with the first examination paper, . and it must be returned to the 
examiner when the last paper is completed each day* The examiner 
will be careful to see that the blotting paper has not been used by the 
candidate in solving his problems or for conveying information to other 
candidates. 

62. All Work to be Shown.— No candidate will be allowed to 
work out his problems on a slate or on waste paper, or to write on the 
blotting paper supplied for his use in the examination. Violation of 
this rule will subject the candidate to all the penalties of failure. 

All worked papers must be signed and dated and the name of the 
port of examination inserted by the candidate. 

Additional sheets of paper will be supplied by the examiner if 
required, but they must be attached to, and form part of, the examina- 
tion papers. 
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63. Books and Papers Strictly Forbidden.— All books 

necessary for the use of candidates under examination will be provided 
by the Board of Trade, and candidates are prohibited from bringing into 
the examination room books or papers of any kind whatever, except as 
specified in paragraph 64. The slightest infringement of this regulation 
will subject the offender to all the penalties of failure, and he will not be 
allowed to present himself for re-examination for a period of three months 
or,if a candidate for an extra first-class certificate,for a period of six months. 

64. Book of Lograrithms. — Candidates for examination for extra 
first-class certificates may use the examination room book of logarithms, 
which must be always kept under the charge of the examiner, wbo will 
be careful to observe that it is not used to conceal memoranda prepared 
for these examinations. No other books will be allowed unless the 
question set specially states that a book may be referred to. 

Candidates for extra first-class certificates may, however, be allowed 
to use their own tables of four-figure logarithms if they so desire. 

In allowing the use of such tables, examiners should be particularly 
careful to see that they contain no notes, formulae, or other information 
either printed or written, apart from the actual tables of logarithms and 
trigonometrical ratios ; and before the commencement of the examina- 
tion any tables which the candidates propose to use should be examined 
to see that no matter is contained in them. 

65. Drawings Instruments. — Candidates for first-class certificates 
have to pass an e^famination in rough working drawing, which may, in 
the candidate's option, be either hand sketches clearly dimensioned and 
complete in the necessary views and sections, or drawings to a scale. 
Drawing boards and T squares will be provided by the Board of Trade, 
but the applicants will have to bring with them any drawing instruments 
they may require. 

66. Candidates' Places. — Candidates should be so placed as to 
prevent one copying from another, and no communication whatever 
between the candidates should be allowed. 

67. Penalty for Copying*, etc.— In the event of any candidate 
being discovered referring to any book or paper, or copying from 
another, or affording any assistance or giving information to another, or 
communicating in any way with another, during the time of examina- 
tion, or copying any part of the problems for the purpose of taking 
them out of the examination rooms, he will subject himself to all the 
penalties of failure, and will not be allowed to be again examined for a 
period of six months, or, if a candidate for an extra first-class certificate, 
for twelve months. 
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68. Leaving* Room or Building:.— No candidate may leave the 
examination room without permission and witjbout giving up the paper 
on which he is engaged. Under no circumstances will the same paper 
be returned to him, but the examiner may substitute other data, or 
another question. 

69. InjUFy to Books* — If a candidate defaces, blots^ writes in, 
or otherwise injures any book or form belonging to the Board, his 
papers will be retained until he has replaced the damaged book or 
document. He will not be allowed to remove the damaged book or 
document, and will be subjected to all the penalties of failure. 

70. Silencd. — Perfect silence is to be preserved in the examination 
room. 

71. Penalty for Breach of Rules.— Any candidate violating 
any of the regulations, or being guilty of insolence to the examiner, or 
of disorderly or improper conduct in or about the room, will render 
himself liable to the postponement of his examination, or, in the event 
of his having passed, to the detention of his certificate for such period 
as the Board of Trade may direct 

72. Order of Examinations. — The examination of candidates 
for second-class certificates consists of three parts : arithmetic, 
elementary questions, and viva voce; and that of candidates for 
first-class certificates of four parts: arithmetic, drawing, elementary 
questions, and viva voce, , See paragraphs 26 and 27. 

73. Examinatioii Pa|>ers, when to be Opened.— The 

arithmetical questions for each examination will be sent from the office 
of the Chief Examiner of Engineers in London, and should, when worked, 
be returned to him for marks to be assigned ; one sheet only at a time 
should be given to the candidate and not more than two hours should 
be allowed for any one sheet,. Envelopes containing examination 
papers are on no account to be opened by any other person than the 
examiner, and by him only at the commencement of the examination. 
He should see that the packet has not been tampered with and he 
is expected to take special precautions to preclude the possibility of 
any unauthorised person having access to them. . All unworked sheets 
should be returned to the Chief Examiner at the conclusion of each day's 
work. 

74. Arithmetic. — When the number of marks obtained in arith- 
metic amounts to 28, that is, two-thirds of the maximum, the candidate 
passes in arithmetic. 

If the marks obtained amount to 21, but not to 28, and if the 
applicant ha§ had long experience, his testimonials and service should 
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be taken into account, and his examination continued, if deemed 
advisable by the examiner, and he may be passed or failed, having due 
regard to his practical knowledge, and to whether he is being examined 
for second class or first class. • 

75. Drawing*. — With regard to a candidate's drawing, when the 
word "consider" is telegraphed irfstead of either of the words " fail" or 
"pass " it must be understood to mean that the examination may be pro- 
ceeded with so far as the drawing is concerned, and the candidate passed 
if in the remaining part of it he shows a superiority in practical knowledge. 

76. Elementary Questions. — AH engineer applicants presenting 
themselves for examination will be required to give written ^answers to 
ten questions selected from elementary questions shown by Nos. i to 310. 
iJ^Qte by Author, — The candidate should here ' read paragraph Ele- 
mentary Questions below.) These questions are intended to furnish 
a record to some extent of the candidate's knowledge at the time of his 
examination, and also to induce the candidates to pay more attention 
to their handwriting and spelling. 

Examiners will require all candidates to fill up a form Exn. 15^ 
and they will forward it to the Chief Examiner of Engineers with the 
report of the examination. 

The elementary questions will, as a, rule, be, given on the second 
"day of the examination to candidates for second class, and on either 
the second or third day to candidates for first class, but candidates who 
have time after working the arithmetical papers on the first day or 
the drawing on the second day may be allowed to go on with the 
elementary questions. 

The questions for both classes of engineers will be taken from the 
same series of elementary questions ; and candidates for first-class 

« 

certificates are expected to show their superiority by giving answers 
"more complete than those of the other candidates. 

Elementary Questions. — In future, the elementary questions, 
referred to in paragraph 76 above, will not necessarily be taken from 
Nbs. 1-3 10, but may be new questions somewhat similar in form and 
covering much the same ground. 

77. Viva Voce. — Having regard to the feet that when, the verbal 
examination is held the candidate has already passed in arithmetic 
and, if a first-class candidate, in drawing, and has also written answers 
to the elementary questions, the examiners should deal, with practical 
rather than theoretical questions in this division of the examination ; 
and no candidate should be failed in the verbal examination without 
having been well cross questioned on the points for which failure takes 
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place. Candidates may, however, be failed in the written elementary 
paper without being examined viva voce. In cases where the examiner 
approves of the elementary paper, but fails the candidate for lack of 
either practical or elementary knowledge, a written account of the 
points on which he failed must be forwarded to the Chief Examiner of 
Engineers with the elementary papers and the report Exn. 15. 

The elementary questions to be answered on form Exn. i^b are 
good starting points in viva voce examinations. With the candidate's 
written answers before the examiner the same question can be put in a 
way requiring the answer in another form. Each question may be 
developed into several according to the circumstances of the case, e,g, ; — 

1. What is paade of? Of what parts does it consist ? 

2. What is its use ? 

3. What attention does it require at sea ? 

4. What attention does it require in port ? 

5. When it becomes defective, what is it that principally goes 

wrong with it ? 

6. How is it repaired ? 

7. What alteration may prevent a recurrence of the defect ? 

It is considered of great importance that engineers presenting 
themselves for examination should have an extensive knowledge of 
the particulars of actual casualties which have occurred at sea, and be 
able to state how these might have been prevented, and how remedied. 
Sometimes an engineer presents . himself who has had no personal 
experience of any defects, and who can tell nothing about casualties to 
machinery which have occurred in the. experience of others; such 
candidates should be closely queistioned as to their knowledge of boiler 
and engine construction and the repairs of same. 

The management of engines and boilers at sea, the duties of the 
engineer on watch, the work to be done to the engines, boilers, and 
auxiliary machinery in port, and the periodical examinations of the 
working parts,, should form part of the viva voce examination* 

78. Reports of Examinations. —Reports of examinations on 
the form Exn. 15, together with the examination papers, forms Exn. 
37 and face sheets, should be forwarded to the Chief Examiner of 
Engineers, 79 Mark Lane, London, E.C., immediately the examinations 
are completed, and the candidate's application to be examined (form 
Exn. 3) duly filled up, together with his previous certificate, if any, 
should be sent to the Registrar-General of Seamen ; his discharges and 
testimonials should be returned to the candidate. 
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APPENDIX A. 



Place. 

Aberdeen 
Barrow in Furness 

Belfast 

Bristol 

Cardiff ... 

vvOtK • • • • • • 

Dover 

Dublin 

Dundee 

Falmouth 
Glasgow 
Greenock 
Hartlepool, West 

Hull 

Leith 
Liverpool 
London 

Londonderry ... 
Middlesborough 
Plymouth 
Shields, North ... 
Southampton ... 
Sunderland 



EXAMINATION DAYS AT 

Days. 

... 3rd Tuesday in each month. 

... 2nd Tuesday in each month. 

... 4th Tuesday in each month. 

... 3rd Tuesday in each month. 

. . . 2nd and 4th Tuesdays in each month. 

... 2nd Tuesday in each month. 

... 3rd Tuesday in each month. 

... I St Tuesday in each month. 

... I St Tuesday in each month. 

. . . 4th Tuesday in each month, 

... 2nd, 4th, and 5th Tuesdays in each month. 

... I St and 3rd Tuesdays in each month. 

. . . 2nd Tuesday in each month. 

... I St and 3rd Tuesdays in 6ach month. 

... 2nd and 4th Tuesdays in each month. 

. . . Tuesday in each week. 

... Tuesday in each week. 

3rd Tuesday in each month. 

... 4th Tuesday in each month. 

... 2nd Tuesday in each month. 

... Tuesday in each week. 

... 2nd and 4th Tuesdays in each month. 

... 3rd Tuesday in each month. 



N.B. — The examination days are liable to occasional alteration. 



EXTRA CERTIFICATES. 

According to present arrangements the Examinations for Extra 
Certificates will begin at the different ports on the 

Second Tuesday of January in each year. 

April 

July. 

October 
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APPENDIX B. 



Form to be filled up by all Candidates at the examination. 



Port 



Form Exn« 166. 



Glass for which examined 



Date 



Candidate's Name 



A. Where and how long did you serve in works at the making or 

repairing of engines and boilers? 

B. How long and in what capacity did you serve in works on shore 

other than at the making or repairing of engines and boilers ? 

C. How long have you served in the engine-room at sea, and in what 

capacities? , 

D. With what descripticMis of engines have you served at sea? What 

sizes were the engines ? 

E. With what descriptions of boilers have you served at sea ? 

r. What engine defects, or defects to auxiliary machinery, have 
come under your notice, what caused these defects, and how 
were they remedied ? Give the names of the steamers for 
verification. 

G. What boiler defects have come under your notice, what caused 
these defects, and how were they remedied ? Give the names 
of the steamers for verification. 
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APPENDIX D. 



Examination in Rough Working Drawing for a First-Class 

Engineer's Certificate of Competency. 
Form Exn, 17. 

1. The regulations of the Board of Trade in regard to the 
qualifications of a candidate for a first-class engineer's certificate of 
competency specify that, — 

"He will be required to make an intelligible hand sketch, or a 
working drawing of some one or more of the principal parts 
of a steam engine, and to mark in, without a copy, all the 
necessary dimensions in figures, so that the sketch or drawing 
could be worked from." 

" He must be able to state the general proportions borne by the 
principal parts of the machinery to each other." 

2. In accordance with these clauses, a candidate for a first-class 
certificate is required to make a rough working drawing of the parts 
specified as on page 285. An engineer who has been some years in 
charge of marine engines and boilers ought to have familiarly in his 
mind the general construction of at least one set of engines and boilers, 
say that set he was last with. Fine drawing is riot expected, and in 
the proportions of the parts a wide margin will be allowed; absurd 
dimensions y\rill entail failure in practical knowledge. 

3. The drawing must, however, be practically a working drawing, 
giving a sufficient number of views to show the parts fully — sections, 
plans, or elevations, just as the candidate would require to be supplied 
to him if he had to make the parts represented to the design of 
another person. 

4. A clear hand sketch showing the construction completely, and 
fully dimensioned, will be accepted if the candidate prefers this 
alternative. 

5. A portion only of the parts specified may be accepted in place 
of the whole, if that portion is sufficient to show that the candidate 
has a good practical idea of the construction of the parts, and a fair 
notion of their general proportions or dimensions. 

6. Candidates are cautioned not to put on paper what they ^ave 
not fully considered, and deliberately intend to be understood, as 
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evidence of what they know about the construction of any part 
required. 

7. The statements given in by a candidate may be in themselves, 
apparently-, of little importance, but,- as sample material from which 
the extent of the candidate's knowledge of engines and boilers is to be 
inferred, every detail which is glaringly inconsistent with a sound 
knowledge of the use of the part, or in which an essential consideration 
has evidently been overlooked, is an important element in the 
description which the candidate is giving pf his own qualifications. 

8. The candidate is advised not to begin more than he can clearly 
finish in the time allowed An important object in this part of the 
examination is to ascertain whether the candidate can be trusted to 
mark all necessary dimensions upon a sketch or a drawing. The test 
of this is, practically, the making of the part from the sketch without 
having to supply additional dimensions, and without measuring the 
drawings To prove this ability the candidate must fully dimension the 
parts shown in his sketch or drawing, notwithstanding that the parts 
may be correctly drawn to scale. A drawing is fully dimensioned 
when no part of it is left to the option of the party who is to work to 
the drawing. 

9. To prevent misunderstanding, however, when the candidate has 
been led into showing more of the details than he has time fully to 
finish, he should name, in the statement on the other side, the 
particular parts which he has not fully dimensioned. 

I a. All dimensions should have lines and darts to indicate distinctly 
the points between which the dimensions are given. 

1 1. Beware of writing cross dimensions upon centre lines, or upon 
longitudinal dimension lines. This is not an prder but a recommendation. 

12. The candidate is not expected to design anything; he has 
merely to sketch or draw something with which he is expected to be 
already familiar. At the same time, he should call attention to any 
defect in the design of the article or apparatus. Omission to do so will 
imply want of practical knowledge. . 

13. Pencil in nothing after half past 3; all the dimensions, the 
figures, and the darts must be inked in ; employ the remaining time in 
examining the drawing and in inking in any figures which may have 
been before overlooked, and in checking the dimensions. 

14. Make sure that you will have sufficient room on the drawing 
sheet to show all the necessary views. You can have another. sheet of 
drawing paper if necessary. All the paper used must be forwarded 
with the drawing. 
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Subject for Examination in Rough Working Drawing. 

Form Bxn. 17a. 

(Specimen.) 

Rectd the Foregoing General Instructions. 

A common slide valve with its spindle. Show also an outline 

section of the ports at the cylinder face. Show the provision for 

connecting the slide valve to the spindle. 

The candidate is requested to fill up the following, and to attach 
this paper to his drawing. 

Statement by the Candidate. 

The accompanying drawing, made by me this day, without referring 

to any document, and without the assistance of any person, is intended 

by me to be sufficient for the new construction of the parts above 

described to fit the places of similar parts which are to be removed. 

The construction is similar to what I have been with in the 

steamer , but the dimensions may be different "^ 

The diameter of the cylinder is. 

The stroke of the piston is , 

The travel of the valve is 

The cover at top end on steam side is 

The cover at bottom end on steam side is 

The lead at top is intended to be 

The lead at bottom is intended tp be 

The inside cover is + or - 

The thickness of the face of valve is 

The thickness of the body of valve is 

The greatest opening for steam will be... 

That gives an area equal to one • th of the piston. 

The opening for exhaust when the crank is on the top 

centre is 

That gives an area equal to th of piston. 

(The length of the connecting rod is 
The valve will cut off steam on the down stroke at » 
The valve will cut off steam on the up stroke at 

It is required that all the parts shall be fully dimensioned in ink, 

but if, owing to want of time, this has not been done, the parts not 

fully dimensioned must be stated, otherwise it will be understood that 

the candidate considers the dimensions given sufficient 

The parts not fully dimensioned are 

••• • .•••«..^ >••.«••«• «••...•••.. •»......••••••.••• 

Dated at 

this day of., 19... 

Candidate. 

* Run the pen through the words that do not apply, 
i The candidate may omit this part if he chooses. 
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Reading the Water-Gauges, 

Notwithstanding that the reading of the water-gauge is made a 
special feature in the examination of engineers, many boiler casualties 
result from the engineer of the watch either not understanding the 
construction of the water-gauge fittings or not satisfying himself by 
actual trial that the cocks, pipes, &&, are clear. 

In one case, two furnace crowns came down in a steamer that was 
just starting on a voyage. The engineers were satisfied that there was 
plenty of water in the boiler because the water-gauge showed full glass, 
and they called the attention of a Board of Trade Surveyor to this fact 
as being conclusive evidence that the casualty could not have resulted 
from shortness of water. On examination of the fittings, however, it 
was found that the cock between the boiler and the steam pipe leading 
to the gauge was shut, having been carelessly left in that position on 
the previous day when the mountings were overhauled for survey. 
Directly the cock was opened the water disappeared from the gauge 
glass, and the second engineer admitted that he had blown down the 
boiler in order to lower the water level, as the glass was full. 

Many steamers have had their furnaces brought down at sea in a 
similar manner to the above through what the engineers of the watch 
have called "false water in the glass," and which on examination has 
been found to result from the top communication being choked. 

These casualties resulted from what, to say the least, was bad 
management, not false water. 

Unless a candidate under examination is able to prove that he 
understands how to verify the indications of the water-gauge, he should 
not be passed in practical knowledge, and, as failure in practical 
knowledge involves the candidate going to sea for another three 
months before being eligible for re-examination, the examiner should 
explain to such candidate his error, after failing him, in order to 
prevent further casualties resulting from his want of knowledge on 

this subject 

The sketch, figures i, 2, 3, 4 and 5 (page 289) represent the usual 
methods of attaching water-gauge mountings to marine boilers. The 
important features in each gauge and the method of verifying its 
indications are dealt with Separately in the following remarks. 
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Referring to Figure i only. 

In this case the water-gauge cocks are attached direct to the boiler, 
and the accuracy of the gauge when the boiler is under steam can be 
tested as follows : — 

First. — Let B remain open, then close cock D and open cock E, 
and if steam issues it proves that cock B and the passage 
through the top fitting and gauge glass are clear. If no 
steam or water issues, either cock B or the passage through 
the top fitting and gauge glass is choked and the giauge 
cannot act properly until the obstruction is removed. 
Second. — Close cock B and open D and E^ and if water issues, 
cock D is clear. If no water or steam issues, either cock 
D or the passage from the boiler through the lower fitting 
'is choked and must be cleared before the gauge can act 
properly. 

Referring to Figure 2 only. 

In this case the gauge cocks are attached to a bent pipe of com- 
paratively large diameter (at least 3 inches in the bore), the upper end 
of which communicates with the steam space, and the lower end with 
the water space of the boiler. Owing to the bore of the pipe being 
large it is not liable to become , choked or stopped under the ordinary 
conditions of working. The water-gauge is, therefore, in practically 
the same condition as if it were attached direct to the boiler, as in 
figure I. This gauge, when at work, is tested in precisely the same 
manner as the one shown in figure i. 

Screw plugs are inserted dX P P and Q G - by the removal of 
which the apertures in the pipe can be cleared, . if necessary, by the 
insertion of a wire or rod when steam is down. 

Referring to Figure 3 only. 

In this' gauge there is an open communication from A to C through 
the Column P, and in order to "blow through the glass** it is only 
necessary to shut cocks D and B alternately, keeping E open. But to 
"blow through the water-gauge^'* including the pipes ZT. and /, it is 
necessary, after blowing through the glass as described above, to shut 
A and C alternately, at the same time keeping B^ D and E open for 
such time as will ensure the complete discharge of the contents of the 
gauge and its connections. When B^ D and C are clear and A 
choked, the steam lodging in the glass and in the pipe / leading from 
column Y \.o A becomes condensed and the water flowing through C 
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to take its place rises in column 1 and in the glass to a level above 
that of the water in the boiler. In other words, the gauge shows a 
fabe level. If now E be opened and water is blown out, then on E 
being again closed the water in the gauge will rise higher than before 
and be still further misleading. On the other hand, when B^ Z?, and 
A are clear and C choked, the water, if any, in the glass is trapped 
and no longer rises and falls with the water in the boiler or with the 
motion of the vessel ; it, however, slowly rises in the glass owing to the 
condensation of the steam in the upper part of the gauge until such 
time as £ is opened, when the whole of the water in the glass is blown 
out, and on E being closed the glass does not show any water, not- 
withstanding that the water in the boiler may be at the proper level. 
When the test cocks T T T are attached to column K, as shown in 
figure 3, they cease to be reliable when either cock ^ or C or the pipe 
in connection therewith is choked, or nearly choked. 

Referring to Figure 4 only. 

Sometimes the water-gauge fittings are arranged as shown in figures 
4 and 5, with no passage up the column, the central portion {N) of 
the column being simply a pillar or connecting piece of any convenient 
section between the upper and lower portions to which the cocks £ 
and D are attached. 

By this arrangement double communications are obviated and there 
is no need for what is known as *' double shut off" in testing the 
accuracy of the gauge. When, however, the gauges are constructed in 
this manner the cocks B and D are unreliable as test cocks in the 
event of there being no glass in the gauge. This feature should be 
carefully noted. Moreover, when in working condition the reduction 
of pressure in the glass which arises when E is opened causes the 
water in pipe H to rise above its normal level This objectionable 
feature should also be noted. 

Referring to Figure 5 only. 

Sometimes there is a bend L in the steam pipe / leading fi-om cock 
A to cock B, This has occasionally escaped observation when new 
boilers have been fitted on board ship. In most cases this bend arises 
'from the pipe being led in an abnormal direction to escape other 
pipes, beams, or fittings near the smoke box. With such a bend the 
condensed steam collects in the pipe and falls to the bottom of the 
bend, and in time it completely fills the pipe from JXo K, The steam 
from K down to the level of the water in the glass is thereby trapped 
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indy as condensation proceeds, leads to a reduction of pressure in die 
pipe below that of the boiler and an equivalent rise of the water in 
the bend and also in the gauge glass. When the vessel is quiescent 
the water in the gauge glass increases in height until cock E is opened, 
or until the pressure in the boiler is so much in excess of that in the 
lower part of pipe / as to cause the water in the bend to be blown into 
the gauge glass. In either case instantaneous change of water level in 
the glass ensues. 

In the ordinary course of working the phenomenon described 
above is more or less modified by the presence of air in the upper part 
of the gauge 'and by the rise and foil of the water in the boiler and 
gauge glass arising from the rolling or pitching motions of the vessel 

Other Special Points to be Noted. 

When the cocks A and C are omitted, as in figure 2, it \s 
owing to the bore of the stand pipe being sufficiently large to enable it 
to be regarded as part of the boiler. Such pipes require, however, to 
be examined and cleared at intervals by passing a rod through the 
holes provided for the purpose at PPsLud Q Q. 

Cocks at A and C are not necessary for the testing of gauges 
arranged as shown in figures 4 and 5. Examiners ought, however, 
to make sure that candidates are aware of the impossibility of test- 
ing the reliability of the indications of water-gauges arranged as in 
figure 3 when the cocks A and C are absent and of the effect which 
the choking of cock A or Q or pipe ZT or /, has on the indications 
of the test cocks T T jT attached to column K 

Probably more than half the steamers afloat are fitted with water- 
gauges as shown in figures 3 and 4, and it is therefore specially 
important that engineer candidates should thoroughly understand their 
construction, the principle on which they act, and the steps which must 
de taken to keep them in an efficient condition. 

When fitting a gauge glass into its place it is specially important 
that it should not be placed so high as to prevent a clearing rod being 
inserted at G of the various figures. This defect, especially if it occurs 
in 8 water-gauge attached to a boiler subject to priming, permits a 
rapid accumulation of scum around the top of the glass and results in 
the choking of the orifice leading from cock B to the gauge glass in 
each of the figures. 

When a gauge glass is too short, or is placed either too high or too 
low in the fittings, it is also liable to become choked by the packing 
material being forced over its ends by the glands whilst being screwed up. 
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The use of unsuitable or insecure internal pipes in . connection 
either with the ordinary glass gauge cocks of the description shown in 
£gure z or with test cocks which are jointed to the boiler itself 
should also be carefully guarded i^inst 

Boiler casualties have resulted from the cocks B and D having 
the parts wrongly placed as shown in figure 6, page 291. In one case 
of that kind which forms the subject of Report No. 208 under the 
Boiler Explosions Acts, the engineer in testing the water-gauge omitted 
to see that the passages in the cocks B and D were clear when the 
handles were in their proper working position. This defect could 
easily have been discovered if proper attention had been paid to the 
condition of the cocks. A defect of this nature may be due to faulty 
construction originally, or to the handle of the cock having been 
overstrained, and the neck twisted. Whether the passages in the plugs 
are fair and clear can, however, be verified in a few minutes. As an 
illustration, the water cock 2>, figure 6, can be verified by blowing 
through E with B shut and then moving the handle of D to one side 
until it is just closed and then to the other side until it is again just 
closed; the proper working position of the handle is about equally 
distant from each of the above positions. The other cocks can be 
verified in the same manner. 

Another serious casualty occurred through the handle of the 
cock A^ figure 3, having been twisted from its original position 
relatively to the orifice of the cock, resulting in the cock being shut 
when apparently open. 

When a water-gauge that is clear in all its parts has been 
thoroughly blown through, the water in the glass rises above the level 
at which it formerly stood, immediately the drain cock E is closed, 
but if left undisturbed for a time it gradually falls to its former 
position. The amount of rise which occurs on these occasions 
depends chiefly on the temperature of the contents of the boiler and 
on the length of the pipes by which column Y is connected top and 
bottom to the boiler, but in cases where the gauge is of the descrip- 
tion illustrated in figures 3, 4 and 5, it amounts in high pres- 
sure boilers to about 4 inches, while the time occupied by the 
water in returning to its former level ranges from 30 to 40 minutes. 
The cause of this rise is twofold, namely (a) the displacement of the 
comparatively cold water in pipe H by hotter and proportionately 
lighter water from the boiler, and {b) a slight condensation of the steam 
and a corresponding fractional reduction of pressure in pipe /. The 
cause of the gradual subsidence of the water in the glass to its former 
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level is also of a dual character, namely (a) the cooling of the water in 
pipe H^ and ip) the diminution in the condensation of- steam in 
pipe / owing to the collection therein of air released from the steam 
condensed. 

These results will, however, be somewhat modified if the water in 
the boiler is of higher density than in pipe H^ and this will nearly 
always be the case owing to the condensati6n of the steam in the glass 
knd upper fittings of the water gauge, causing the water in the lower 
part to be fresher than that in the boiler. 

The examiner should impress upon candidates the necessity for 
periodically blowing through the water-gauge on each boiler (no matter 
what the form may be) in a systematic and thorough manner, and, in 
cases where a boiler is fitted with two water-gauges, of keeping both in 
constant use ; finally, he should - further impress upon them the 
necessity for keeping the water-gauges well lighted, clean, and in all 
respects efficient. 
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APPENDIX F. 



Dangers attending the Existence of a Vacuum in Boilers. 

The attention of Examiners of Engineers is called to the following 
report relating to a fatal accident to an engineer on board a British 
ship, and they are requested to see that all candidates for engineers' 
certificates realise the danger of removing a manhole door without 
taking the necessaly precautions. 



Board of Trade Surveyors' Office, 

79, Mark Lane, 

London, E.C., 

December ist, 1898. 
Sir, 

We beg to report that in accordance with your instructions we 

visited the s.s. Eldsrslie^ O.N.89,929, and inquired into the cause of 

the death, at Smyrna, of Ernest Marshall, third engineer of that 

steamer, on the 15th October, 1898. 

The ElderslU is a screw steamer, built in 1884, of 2761 tons gross 
and x8oi tons net register. The engines are compound, direct-acting, 
and there are two double-ended boilers of the usual marine type, each 
boiler having six furnaces, three at each end, W.P. 90 lbs. Mr. E. 
Marshall, the third engineer, was found dead in one of the boilers 
under circumstances which are not readily understood. 

The chief engineer, Mr. Bishop, repeated to us a statement which 
he had previously made, and he. was corroborated, so far as his 
personal knowledge went, by the second engineer, and also by a Greek 
fireman, Spiloni> ai^d the other firemen in the engine room and stoke- 
hold at the time. It is clear that on the vessel's arrival at Smyrna on 
the 14th October, after the fires had died out, the boilers were blown 
down between 5 and 6 p.m., and by the instructions of the chief 
engineer, the thifdc engineer proceeded at 7 a.m. on the following 
morning to take the manhole doors ofif. (The manholes are 16^ inches 
by 12^ inches, and ar^ in the end plate at the after end of the boiler.) 
He was assisted by Spiloni, who was usually detailed to work with him, 
and who says that one nut and one dog or cross-bar had been taken off 
the door, and the other nut started, when the third engineer sent him 
to prepare to take the door off the manhole of the oth^c boiler. 
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Spikmi left the third engineer, went down a ladder into the stokehold, 
across the stokehold, up another ladder to the starboard boiler, and 
immediately afterwards, hearing a loud report, went back to the port 
boiler where he had left the third engineer, and saw nothing but that 
the door was off and not in sight. What happened in the interval 
between this fireman leaving the third engineer and his return in a few 
minutes can only be reasoned out from the conditions and circum- 
stances c^ the case as there is nothing definitely known. 

The engineers and engineers' crew were at this time engaged as 
follows : — 

Chief engineer on deck. 

Second engineer in engine room at high-pressure cylinder ; one 

fireman with second engineer ; one fireman with third engineer ; 

four firemen cleaning engines, and two trimmers cleaning tubes 

in boilers. 
The second engineer in the engine room heard the report — he says, 
about 7.15 am. — and describes it as being like the sound caused by 
coal falling in the bunkers. The chief engineer knew nothing until 
informed that the third was missing. Spiloni and others had been 
looking about and inquiring for him. The chief joined in the search 
and finally went to the manhole, when he noticed that the door was 
off, and not to be seen. He states that the boiler was so hot inside 
that he could not keep his hand in, and that on trying to put his head 
in the manhole he found it impossible to do so. Hot vapour was 
coming out of the manhole. His first thought was that the third 
engineer had allowed the door to drop into the boiler, and, attempting 
to get it out, had gone into the boiler, and been overcome by the heat 
He tried to look in with lamps, etc., but could not see anything. He 
then got the bottom doors off, first the after bottom door and then the 
forward one. He could not see anything through the after door, but 
on looking in the forward bottom door he saw blood on the sides of 
the furnaces — that is, he explains there was some fresh blood as if 
running down on the side of the centre and wing furnace near to the 
forward end of the boiler. This was at 7.45 a.m. The boiler was 
allowed to cool down and in about four hours the body of the third 
engineer was got out It was found lying on two of the longitudinal 
stays close to the forward end plate, apd opposite the manhole. The 
door was found on the top of the tubes almost underneath the body, 
and one of the dogs beside it — both of the studs in the door were bent 
and a small piece of rope was fastened to one of the studs. A spanner 
was found on the top of the combustion box girders — that is halfway 
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between the manhole and the position of the body, and a lamp, 
hammer, and chisel and broom-head or brush were found in the 
bottom of the boiler. When the body was got out it was found that 
the skull was fractured, and that the skin where exposed peeled off 
when rubbed. A surgeon certified that the skull was fractured but does 
not appear to have examined the whole body, contenting himself with 
seeing sufficient cause for the man's death. The master, however, says 
that the arms and shoulders looked to him as if seriously injured or 
broken, and there was a deep mark on the forehead and the clothing 
torn in places. 

The foregoing statement contains the important points of the case 
so far as we can gather them. We both have entered the boiler, 
examined the manhole and door, had the exact position where the 
body was found pointed out, and also that of the door, etc., and 
spanner. The whole story appears straightforward and is easily 
realised, but the causes which brought the body of the third engineer 
to the position where it was found are not so readily explained. 
Accepting the statements of the master, engineers, and firemen (and we 
have no reason for doubting them), it is clear that the third engineex 
either (i) got into the boiler of his own accord, (2) was put in by 
others, or (3) met his death accidentally by causes unforeseen and 
unnoticed, and which no one contributed to, except himself, and that 
unknowingly. The first two causes must, it appears to us, be 
dismissed — the position of the body and the statement as to the high 
temperature of the boiler and other reasons rendering them absolutely 
inadmissible; and after considering the whole circumstances of the 
case, we are of opinion that the death of Ihe third engineer was 
brought about in the following manner: — 

The boilers were blown down and left, neither safety valves nor 
cocks were opened (the chief engineer says he gave instructions to 
open the gauge cocks, but found them shut) so that when the steam 
condensed there would be a vacuum in the boilers. The manhole is 
in the after end plate, there is a small platform almost in a line with 
the door. The deceased took off both the nuts without starting the 
door, one dog was taken off, the other turned partly round, a piece of 
small rope (which the second engineer says was very weak stuff) was 
fastened to one of the studs of the door and to the gauge glass stand. 
He then stooped down in almost a lying position, probably holding the 
door by one of the studs^ or by the rope, with one hand, and perhaps 
tapping it with the spanner in the other hand, when the door started, 
was suddenly driven inwards by the pressure of the atmosphere with 
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great force, the rope broke, and the deceased, involuntarily tightening 
his grip on the stud on rope, was drawn into the boiler — the inrush of 
air assisting this movement, as his body becaibe near to or partly filled 
the hole — and he was propelled with such violence as to fracture his 
skull on the other end of the boiler, or it may be by striking the plate 
at the manhole as his head was entering it 

This explanation which, from its singularity may at first appear 
somewhat doubtful, is the only one which we think fits all the known 
fiicts of the case, such as : — The short interval which elapsed between 
the time when the fireman, Spiloni, left the third engineer and his 
return to the manhole; the short time from starting work at 7 a.m. 
until the report was heard 15 minutes later; the sudden disappearance 
of the third engineer ; the condition and position of the body when 
found, the position of the door, spanner, etc.; and also the high 
temperature of the boiler. 

It certainly appears extraordinary that a man could be drawn into 
a boiler through a manhole with such force as to fracture his skull on 
the end plate, 16 feet from the hole, and in a direct line with it, but 
the stays would form a sort of guide to keep the door and body 
travelling in a horizontal and direct line, and it may be added that 
the deceased was not a big man. He is said to have been about 
10 stone in weight and 5 feet 5 inches high. It can be seen by 
examination of the small platform at the manhole that the occurrence 
is at least quite possible. At any rate, unless the whole story is 
disbelieved, a manhole door weighing 85 lbs. was found along with 
the body of the third engineer, close to the end plate furthest from the 
manhole, and had been in that position for some hours and from a 
time when the condition of the boiler was such that no one would have 
entered it, or could have lived therein. 

We wish to add that, although death under the above circumstances 
is probably unprecedented, the violent inrush of a manhole door due 
to vacuum in the boiler has been frequently experienced. A case 

sonlewhat analogous occurred in one of the steamers of the 

I^e, which hearing about, we inquired as to the facts from the 
sufl^riti^endent who kindly sent a letter describing the case, a copy of 
which is given on opposite page. 

We have inquired in reference to the circumstances of this case of 
the master, first and second engineers, Spiloni, and the other men. 
The firemen are Greeks, and understand very little English. The 
present third engineer, who is a native of Smyrna^ and can speak 
English and Gredc, acted as interpreter. 
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The area of the manhole, 16^ inches by 12^ inches, is about 156 
square inches, and assuming a temperature of about 180 degrees in 
the boiler, there might exist an external pressure of 7 lbs. per square 
inch, which, if suddenly* applied, would exert *a force of 1092 lbs. — at 
Any rate sufficient force would be exerted to set up a high velocity on 
the door when suddenly relieved. 



Copy of Letter referred to. 



Referring to our conversation this morning, relative to the death of 
an engineer in a boiler on board a British steamer at Stnyma, it affords 
me some pleasure to give you the details of an almost similar 
occurrence on board one of the steamers of the — — ^— -* Line some 
few years ago. They are as follows : — 

The vessel arrived on a Saturday evening, and it being necessary 
to get the men in the boiler at the earliest possible moment for 
cleaning purposes, one of the junior engineers was ordered to the ship 
on Sunday morning. Hi§ instructions were to pump the remaining 
water out of the boiler, and he did this without admitting air; So far 
as we were able to gather at the time, it seems that the engineer, 
together with a Chinese fireman, went to take off the lower manhole 
<loor. This door was some few inches above the stokehold floor, and, 
as is the usual practice of Chinamen, the fireman assumed the 
^'squatting" attitude. He was left to himself to remove the nuts and 
dogs of the d6or, and when he had done so, he started the door, and 
was instantaneously drawn in towards the boiler, his stomach practically 
closing the aperture, and the door swinging to the back of the boiler 
with a loud report 

Hearing the fireman's cries, the engineer opened the gauge cocks 
in order to admit air to the boiler, whilst the fireman in the meantime 
suffered great agony, being, pinned in this position until the vacuum 
was destroyed. 

When the matter was reported to me the next morning, I ssiw the 
fireman, who complained of internal injuries. - These, however, do not 
appear, to have been of a severe nature, as the man was able to resume 
his work in a few days. 



r 
I. ' 



^^ 



( . 



300 brown's BLBMSHTART QUBSnONS AND AHSWBRS 



APPENDIX G. 



Examination of Masters and Matss in Steam. 

These examinatioiis are provided for the purpose of giTuig masten 
and mates who are possessed of certificates of competency an oppor 
tonity of midergoing a volmitary examination as to their practical know- 
ledge of the use and working of the steam engine. The examiners are 
selected by the Board of Trade from the engineer surveyors appointed 
under the fourth part of the Merchant Shipping Act, 1894. 

The examination is open to any person who holds a certificate of any 
grade in the foreign or home trade or as master of his own pleasure yacht. 
Guididates should fill up the form of application, form Exn. 3, at a 
Mercantile Marine Office, pay the fee of ^i, and deposit their certifi- 
cates and testimonials with the superintendent The superintendent will 
inform the applicant when and where to attend to be examined. If the 
candidate fails to pass his certificate will be at once returned to him. 

If he passes, the report (Exn. 15) will be sent to the Chief 
Examiner of Engineers, and the certificate, together with the form 
Exn, 2, will be sent to the Registrar-General of Seamen ; the words, 
** Certified to have passed in Steam," with the date and place of 
examination, will then be entered on the certificate and its counterparty 
and the certificate will be sent to the Superindendent of the Mercantile 
Marine Office of the port named in the form Exn. 2, and be delivered 
to the candidate in the usual manner. 

If a candidate fails he may not present himself for re-examination 
until the expiration of three months from the date of failure. 

The examination is for the most part viva voce^ and extends to a 
general knowledge of the practical use and working of the steam 
engine, and of the various valves, fittings, and pieces of machinery 
connected with it ; and of the way in which electric lighting is carried 
out on board ship. Theoretical questions on calculations of horse- 
power or areas of cylinders and valves, or any of the more difficult 
questions relating to steam engines and boilers, will not be asked. 

Examiners are to satisfy themselves that the candidates know the 
names and understand the uses of the various parts of the engines and 
boilers, and their connecting pipes, valves, cocks, etc. Practical 
knowledge, as distinguished from theories and abstruse calculations, is 
to be the test of the candidate's fitness to have his certificate endorsed. 
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The examiner should arrange to conduct part of the examination 
in the engine room of a steamship^ unless, from circumstances, he finds 
it impossible to do so; but in the event of the candidate passing, the 
examiner should state in writing what circumstances prevented a visit 
to an engine room. If an opportunity offer, the candidate should be 
permitted, under the guidance of the examiner, to start and stop the 
engine of some vessel which may have her steam up. 

The examiner, in sending in his report of the examination, should 
state where the examination has been held. 

Candidates will be required to give written answers to sixteen out 
of twenty questions taken from the elementary questions printed 
in this book. These questions will be altered from time to time 
without notice. The twenty questions are not to be difficult, 
theoretical, or book questions, but are to be such as any man of 
ordinary capacity, who has any practical knowledge of the use and 
working of the steam engine, ought to answer. 

These questions, with the candidates' answers, should be sent to the 
Chief Examiner of Engineers, with the reports, after each examination. 

If a candidate ref^lrs to any book or paper or memorandum, or 
obtains information from another candidate or any other person during 
the examination, he will be treated as having failed, will forfeit his fee 
and will not be allowed to be re-examined for a period of three months. 

The examiners will report in the case of failure, the nature of the 
question or questions that decided the failure, or the point in the 
management of the engine in which the candidate was deficient 

There is nothing in the regulations requiring that applicants for the 
voluntary examination shall have served on board steamships ; all that 
is required is that they shall have a practical knowledge of the use and 
working of the steam engine. Examiners will not fail to appreciate 
the fact that practical knowledge is best gained in the engine-room; 
and the examination of an officer who does not produce official 
evidence of service in steamships, and of experience of engines, must 
necessarily be more searching than in the case of one who produces 
evidence of such service and experience. 

Examiners will require all candidates to fill up a form Exn. 15 ^., 
and they will forward it to the Chief Examiner of Engineers with the 
report of the examination. 

Masters and mates may cancel questions A, B, and C, but they 
should fill up the form for questions D, E, F, and G, as evidence of 
their practical knowledge. 

A candidate for this examination is required to have a thorough 
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grasp of the construction of the steam engine and boiler, to enable 
hin^, in t^e first plac^ to understand, the nature and importance of any 
/defect which may be reported to him by the chief engineer, and sp 
thaX hQ may work in harmony with him in afifdrding time and facilities 
:for disconnections, inspections^ adjustments, and repairs ; 

to have a looking-on knowledge of what the principal repairs are 
about engines and boilers and pipes, and how these repairs 
are accomplished l . •. 

to be able to form ax^ independent opinion as to a breakdown, 
and tiie consequent propriety or impropriety of proceeding 
under steam with temporarily repaired or defective madiindry; 
to understand how to ^tim^te approximately the; reduction of 
fuel ^required for reduced speed, and consequently to sanction 
such reduction of speed as may seem to hinft to be warranted 
by the report, of the chief engineer, and to satisfy himself 
before leaving port that there is sufficient coal for the voyage ; 
to have m intelligent grasp of the general run of pipes and 
connections in the engine room, the marking of cocks, the 
opening and closing of cocks and valves, how mistakes of 
importance may be made in the confusion of an accident, 
and how best to guard against such mistake^ ; 
to be capable of being left in charge of the feeding of a set of 
boilers, to understand the working of the water gauge, and to 
be able to guard against being misled by false indications of 
the gauge glass; 
to understand about blowing down and surfacing, the reasons for 
: doing so, and the danger which may result from the neglect 
of these under certain circumstances. 
A master or mate presenting himself for examination in steam must 
t>e understood to b^ve made up for his want of practical experience by 
reading up about the steam engine. He ought, therefore, to show that 
he has given his mind to intelligently understanding the rationale of 
the action of the steam engine. Under this head he should, therefore, 
be able to state approximately thequanity of heat required in the 
formation of steam, the remarkable relation of ^'latent" heat to 
"sensible" heat, how much, steam can be raised by the combustion 
of one pound of coal, what horse-power measure is, what indicated 
horse-pOwer is^ what.ts the action of the slide valve, the course of 
the steam through the . eAgine, :and the advantage, of working ex- 
pansively, and how the expansive action is shown by the indicator 
diagram. To know the uses of the various pacts, qf :the engines^ and 
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dynamos used for electric lighting, and how they and the cables are 
fitted in the hull ; how wires are jointed, insulated, and cased ; why it 
is desirable that they should be led along places which are dry and 
accessible; what is ''short circuiting," and what are the causes which 
produce it ; what is its danger in coal bunkers and petroleum carrying 
steamers ; what are the uses of switches and cut-outs, and why is it so 
important to prevent short-circuiting taking place. 

The candidate has to answer in writing i6 out of 20 questions 
selected from the elementary questions as given in this book. 

Selections for this examination are given on the alphabetic sheet for 
" Steam." Generally, these answers are given by candidates as learned 
by rote from a book; the candidate should therefore be asked such viva 
voce questions as will necessitate his giving his answers in different 
words, so as to discover whether he has the root of the matter in him. 

The principal part of the viva voce is the examination on board a 
steamer, preferably one with which he is unacquainted. He is told to 
look about and try to find out the run of the machinery without the 
assistance of anyone ; the examiner to be in the engine room to see 
that this independent examination is properly carried out. When the 
candidate reports that he thinks he knows the whole arrangement of 
the machinery, the examiner will then question him on the uses of the 
parts, get him to point out the different cylinders, pumps, valves, 
condenser, etc. ; also the dynamo, its field magnets, armature, com* 
mutators, brushes, cables, etc. He must show that he understands 
the run of the pipes in the bilges, not necessarily that he has gone over 
every one of them, but he ought to be directed to trace, at least, one 
important range of pipes, and to thoroughly satisfy the examiner that 
he could be safely trusted to manipulate the valves or cocks in 
connection therewith. It will not often be practicable for the candidate 
to be asked to actually work engines under steam, but he must satisfy 
the examiner that he knows how to do so, and that he is aware what 
ptecautions have to be taken in regard to water in the cylinder, etc. 
It is most important that a candidate should show that, in the event 
of an accident depriving him of the assistance of engineers, he knows 
what to do to safely take his vessel to an anchorage, or to stop the 
engines and proceed under sail alone. 

The examination of a mate in steam is the same as that of a master. 
The knowledge required has no reference to the mate's position. A 
mate may be examined, but such examination implies that the mate will 
one day be a master, when the possession of the knowledge will be an 
advantage to him in the discharge of his duties as master. 
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APPENDIX H. 



List of Colonial Certificates issued under Order in Council, 
which are of the same force as those granted by the Board of Trade. 



Colony. 



VictorU .. 



<Vffail% 



New 

Zealand 



New South 
Walei 



JIalta 



^uth 
Australia 



Taimania 



Ckktificatm. 



By whom granted 
in Colony. 



Bengal 



New- 
foundland 



Bombay 



^eensland 



Hong Kong 



Straito Set- 
tlements 



*Marine Board. 



The Minister of 
Marine and 
Fisheries. 

Marine Depart- 
ment. 



IDepartment of 

Navigation. 



The Head of the 
Government. 



Marine Board. 



The Goreroor. 



Lieutenant- 
Governor. 



Governor. 



Governor. 



Marine Board* 



Governor, 



Governor. 



Desoription. 



^Mauritius | Governor. 



Master ; 1st Mate ; Only Mate ; 2nd 
Mate; Ist Class Engineer; 2nd 
Class Engineer. 

Master; Matet 

Ist Class Engineer ; 2nd Class 
Engineer. 

Master ; 1st Mate ; Only Mate ; 2nd 
Mate; 1st Class Engineer; 2nd 
Class Engineer. 

Master; 1st Mate; 2nd Mate; 1st 

Class Engineer; 2nd Class Engi- 
neer. 

Master; 1st Mate; 2nd Mate; 1st 
Class Engineer; 2nd Class Engi- 
neer. 

Master; 1st Mate; Only Mate; 2nd 
Mate; 1st Class Engineer; 2nd 
Class Engineer. 

Master; IstlCate; Only Mate; 2nd 
Mate; 1st Class Engineer; 2nd 
Glass Engineer, 

Master; 1st Mate; Only Mate; 2nd 
Mate; 1st Class Engineer; 2nd 
Class Engineer. 

Master; 1st Mate; Only Mate; «nd 
Mate. 

1st Class Engineer ; 2nd Class En- 
gineer. 

Master ; 1st Mate ; Only Mate ; 2nd 
Mate; 1st Class Engineer; 2nd 
Class Engineer. 

Master ; 1st Mate ; 2nd Mate ; 1st 

Class Engineer; 2nd Class En- 
gineer. 

Master; 1st Mate; Only Mate; 2nd 
Mate; Ist Class Engineer; 2nd 
Class Engineer. 

Master; 1st Mate ; 2nd Mate. 
1st Class Engineer ; 2nd Class En- 
gineer. 

Master ; 1st Mate ; 2nd Mate. 



Date 

of original 

Order in 

CounciL 



SO Mar. 1871 



19 Aug. 1871 
10 Nov. 1886 



9 Aug. 1872 

80 Aug. 187S 

12 May 1874 

12 May 1874 

12 Feb. 1876 

27 June 1876 

14 May 1877 
19 July 1910 

11 July 1877 
26 Mar. 1878 
SlDe&188S 



1 May 1890 
da do. 



22 Nov. 1890 



Date from 

which 

Order in 

Council takes 

effect. 



4 Jan. 1870 



19 Aug. 1871 
IJan. 1887 



1 May 1672 

18 June 1872 
12 May 1874 
12 Mi^ 1874 

1 April 1876 
27 June 1876 

14 May 1877 

19 July 1910 

11 July 1877 
10ctl877 
lJan.1884 



1 June 1890 
1 Aug. 1888 

1 Jan. 1891 



*The Steam Navigation Board was superseded by the Marine Board on the 21st Deoember. 1888. 
See Order in Council of 28rd November, 1898. 
fEquivalent to First Mate. 

iThe Marine Board was superseded by the Department of Navigation on the 17Ui Maioh, 1900. 
IMauritius does not issue Engineer Certificates under the Order in CounciL 
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APPENDIX K. 



The following is a list of technical schools, attendance at which 
is recognised by the Board of Trade as affording remission of some 
period of the service required to qualify a candidate for examination 
for a certificate of competency as engineer. 

(I.) Day Classes. 

When nothing is stated to the contrary, time spent in attending 
•the day classes in mechanical engineering of a recognised technical 
•school is accepted as equivalent to artisan service at the ratio of three 
years of the former to two of the latter, provided the applicant was 
over 15 years of age and can produce the principal's certificate for 
continuous and regular attendance at all the approved classes and for 
satisfactory progress. Such time cannot as a rule be accepted as 
equivalent to more than two years' artisan service. 

Name of School or Institution^ 

Belfast — Municipal Technical Institute, Belfast. 
*Birmingham. — University of Birmingham. 
tBirmingham. — City of Birmingham Municipal Technical Schooi, 

Suffolk Street, Birmingham. (Afternoon classes.) 
4 Bombay. — Victoria Jubilee Technical Institute, Bombay. 

Bradford. — Municipal Technical College, Bradford. 

Brighton. — Municipal Technical College, Brighton. 

Bristol. — Merchant Venturers Technical College, Bristol. 

Bristol. — University College, Bristol. 
§Cardiff.— City of Cardiff Day Preparatory Technical School, Cardiff. 

Cardiff. — University College of South Wales and Monmouthshire, 

Cardiff. 
IIDevonport. — Royal Naval Engineering College, Devonport. 

II - 1 _ . , 

* Time gpent by students of the eleotrical engineering department on work similar to that in 
Uie mechanical engineering department to count as equivalent. 

t Time spent at afternoon classes to count as equiralent to two-thirds of the seune period of 
•workshop service, five hours in the classes being reckoned as equivalent to one day. 
^ Half the time only to be counted. 
§ One-sixth of the time only to be counted. 

I Time to count in full up to three years, or in the case of students who were in training in 
<xt before September, 1908, up to four years under the following conditions :— 

(a) A certificate of practical workmanship and good conduct must be produced. 
(6) A student must have been at least 20 on the completion of his training, 
(e) Any deficiency in workshop service to be made good by service as engine fitter in shops 
where steam engines are made or repaired. 
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^Dublin. — Pembroke Day Trades Preparatory School, Ringsend^ 
County Dublin. 
Edinburgh. — Heriot-Watt College, Edinburgh. 
Exeter. — ^Junior Engineering and Technical School of University- 

College, Exeter. 
tGlasgow. — Royal Technical College, Glasgow. 
fOlasgow. — ^James Watt Engineering Laboratories, Glasgow 
University. 
Huddersfield. — Huddersfield Technical College, Huddersfield. 
Hull. — Municipal Technical School, Hull. 
Leeds. — The University of Leeds. 
Liverpool. — The Faculty of Engineering, The University of 

Liverpool, Liverpool. 
London. — Battersea Polytechnic, London, S.W. 
London. — Central Technical College, London, S.W. 
London. — City and Guilds Technical College, Finsbury, E.C. 
London. — East London College (University of London), Mile 

End Road, London, E. 
{London. — Day Technical School for Boys, Borough Polytechnic 

Institute, 103 Borough Road, London, S.E. 
§London. — Electrical Standardising Testing and Training Institu- 
tion, Southampton Row, London, W.C. 
IILondon. — King's College, Strand, London, W.C 
London. — London County Council School of Engineering and 

Navigation, Poplar, London, E. 
I London. — Day Technical School for Boys of London County 
Council School of Engineering and Navigation, Poplar^ 
London, E. 
ITLondon. — Northampton Polytechnic Institute, Clerkenwell,, 
London, E.C. 
London. — Polytechnic School of Engineering, Regent Street,. 
London, W. 
*London. — St. Olave's Grammar School, London S.E. 
London. — South Western Polytechnic, Manresa Road, Chelsea^ 
London, S.W. 

* One-third of time to coant with a maximum of one year. 

t A complete session to count as six months. 

X One-third of the time only to be counted. 

I Half the time only to be counted. 

il Two-thirds of time to count, with a maximum of two years for three-year students, and 
two years and eigrht months for four-year students who have spent three sununer senions in 
the works of a maker of steam engines, for which no separate allowance is claimed. 

^ Two-thirds to count with a maximum of two years eight months. 
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London. — University College, Gower Street, London. 
^Londonderry. — Municipal Day Trades Preparatory School, 
Londonderry. 

Manchester. — Manchester ,Muhicipal School of Technology, 
Manchester. 

Manchester.-r~Owens Techpical College, Manchester. ». . 

Newcastle-on-Tyne. — Armstrong Cii^lege, Newcastle-on-Tyne. 
tNewcastle-on-Tyne. — Rutherford Teclbpical College^ Newcastle- 
on-Tyne. ' ' 
lOundle. — Engineering Department of Oui^dle School, Northants. 

Portsmouth. — ^Portsmouth Municipal CoHege, Portsmouth.; 

Salford. — Royal Technical Institute, Salfdrd, 

Sheffield. — University of Sheffield, Sheffield. 1. 1 ■ 

Sibpur. — Civil Engineering Collegej Sibpur, Bengal. 

Southampton. — Hartley University Collage, Southampton, 

Sunderland. — Suhdetland Technical College, Sunderland. 

Swansea. — Swahsea Technical College, Swansea. 

West Ham. — Municipal Technical Institute, West Ham. 

(II.) EvEfiiNG Classes. ^ 

Time spent in attending Evening Classes in Engineering at 
approved Technical Schools is accepted as equivalent to workshop 
service, five hours in the classes being reckoned as equivalent to one 
day, and two-thirds of the number of days so obtained counting as 
workshop service, subject to the provisions laid down in paragraph 39 
as amended. 

Name of School er InsHtuHon. 

Belfast — Municipal Technical Institute, Belfast. 
§Birminghain. — City of Birmingham Municipal Technical School, 
Suffolk Street, Birmingham. 

Brighton. — Municipal Technical College, Brighton. 

Bristol. — Merchant Venturers Technical CoUeg^e, Bristol. 
yCardifr.— City of Cardiff Technicar Schools. . ; "^ 

Dundee. — Dundee Technical College, Dundee. / 

Edinburgh. — Heriot- Watt College, Edinburgh. 

Glasgow. — Royal Technical College, Glasgow. 

* , ■ ■ . . ■ 'n il I I , I 1 ' , w 

• One-third of the time only to be counted, 
t A complete session to count as four months. 
} One-third of time to' count with a maximum of one year. 

§ Afternoon classes also count in the same proportion. . r; .% ^ r ''^- 

I Time spent by students of the El^lrical Engineering Department on' ^^i?k similar to that 
In the Mechanicat^ Engineeriig Depart^nt to count as equlyalent:- ,: LI;. : ; C f. . ' '<. 
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Greenock. — Greenock Technical School, Greenock. 

Huddersfield. — Huddersfield Technical College, Huddenfield 

Leeds. — University of Leeds. 

Leith. — Leith Technical College, Leith. 

LiverpooL — Municipal Central Technical School, Liverpool. 

London. — Battersea Polytechnic^ London, S.W. 

London. — Borough Polytechnic Institute, 103 Borough Road, 

London, S.E. 
London. — London County Council School of Engineering and 

Navigation, Poplar, E. 
London. — Northampton Polytechnic Institute, Clerkenwell, £.C. 
London. — The Polytechnic School of Engineering, 307, 309, and 

311 Regent Street, London, W. 
London. — ^South Western Polytechnic Institution, Manresa Road, 

Chelsea, S. W. 
Londonderry. — Municipal Technical School, Londonderry. 
Manchester. — The Manchester Municipal School of Technology, 

Manchester. 
Newcastle-on-Tyne. — Armstrong College, Newcastle-on-Tyne. 
Newcastle-on-Tyne. — Rutherford Technical College, Newcastle- 
on-Tyne. 
Preston. — Harris Institute, Preston. 
Salford. — Salford Royal Technical Institute, Salford. 
Sheffield. — Department of Applied Science, University of 

Sheffield, St. George's Square, Sheffield. 
Southampton. — Hartley University College, Southampton. 
South Shields. — ^The Marine School, South Shields. 
Swansea. — Swansea Technical College, Swansea. 

(III.) Marine Technical Schools. 

When nothing is stated to the contrary, time spent at a Technical 
School recognised as suitable for the training of Marine Engineers 
will, subject to the provisions laid down in paragraph 33 of the 
Regulations, be allowed to count as sea service in the ratio of three 
months at the Technical School to two months at sea, time so spent 
not to be accepted as equivalent to more than one-sixth of the totU sea 
service required for a certificate. 

Name of School or Institution. 

Greenock. — ^Watt Memorial School, Greenock. 
South Shields.— The Marine School, South Shields. 
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APPUCATION TO BE EXAMINED FOR AN ENGINEER'S 

CERTIFICATE OF COMPETENCY. 



(A).— Name, eta, of Applioant. 



ChriitiMi NamM »t (oil length. 

1 


Sunuune. 

S 


Permanent Addreas, ttating Town, 
Street, and No. of House, and name 
of penon(if any) with whom reaiding. 

8 


Edward William 


Thompson 


47 Wessex Street^ Newcastle- 
on-iyne. {Parents,) 


Datb or Bnini. 


Whuui Bobs. 


Day. 

4 


Month. 
6 


Tear. 
6 


Town. 

7 


County. 
% 


16 


March 


1889 


North Shields 


9 

Northumberland 



(B).— Partioulars of all previous Certificates (if any) whether 
issued in the United Kin^rdom, the British Possessions^ 
or else-where. 



Number 
9 



Oompetenoy or 

Service, or 

H.N.R. 

10 



Orade. 



11 



Where 
lisued. 

12 



Date of 
Issue. 

IS 



If at any time sus- 
pended or canoelled, 
state by what Court 
or Authority. 

14 



Date. 



16 



Cause. 



16 



Non BT AuTHOB.— // appficwiA is Htting for Seeond he runs his pen through all these, hut if 
sitting for Chiftf ail the particulars needed /or ftUing in these blanks he obtains from his 
Second Class Oerti/leate, 



(Q).--Oertifioate now required. 



Grade. 
17 


Mercantile Marine Office to which it is to be sent. 

18 


Second Class or First Class as 
the case may ^. 


NOTB BT AvvBoau^Whiehever ojlce is the most 
sui^blefor the eandidate. 



3XO 



BROW|i'$ Ei,SMSNTARY QUIjSTIOKS ANP ,AIfSW^jmr 






APPLICATION TO BE EXAMINED, "ETC—ConHnued. 

<D)>— If Applicant has ftdled in a previous Bxamination for 
the Oertiflcate now required, he must here state -when 
and -where. If he has not flailed he must state so in 
writing: across this Division. 



Day. 
19 



HontiL 
20 



Tear. 
21 



Port 
22 



Bubjecta in which he failed. 
28 



Non BT AcTHOE. — When aUHng the exam, for the fint time vfrite aerou here — **Ihave not 
/aaed.*' (Hherw}$e give all partieukure ae to ptrevieue otUmpU, . 

(B).— Superintendent to Examiner. 

TCbC Z)€CldratfOh (I*) bas been signed in my presence, and the Fee 

of ;£" received by me. 

DatMlat.. thii day of 19 

Saperintendent. 



(F).— Oertiflcate of Bzaminer. 

Non.-— The Examiner thould fill up IMvisions (F) and (O), and in all cases forward this paper 
-as soon as possible to the Registrar-Qeneral of Shippii^ and Seamen, Custom House, London, E.C. 
If the Candidate passes, his Testimonials and previous Certificate (if any) must be sent attached 
to tills paper. The new Certificate and the Testimonials will be delivered to the Candidate at the 
office named in Division (C) col. 18. 



Date and Place of Examination. 


Insert passed or failed in each Colunm. 




Date. 
24 


Place. 
26 


In working out the 
Quesuons. 

26 


In the viva voce 
Examination. 

27 


Bank for which passed. 
28 






.- 







(G).— Personal Description of Candidate. 



Height 


Complexion. 
81 


Personal Marks, or 
Peculiarities, if any. 

82 


Colour of 


Feet. 


Inches. 
80 


Hidr. 
88 


ItyesL 


29 






84 






• 





Nora BT AuTHOE.— Copy in the particular 8 a» they are given in THeeharge Book. 

5 bCVCb^ CCttltS that the particulars contained in Divisions (F) 
and (G) are correct, and that the Candidate has produced satisfactory 
Testimonials and proofs of service. 

Dated at ......this day of....... 19.. 



To the Registrar-General of Shipping and Seamen, 
Custom House, London, E.C. 



fSignature<if 
\ Sxaminer. 
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APPLICATION TO BE EXAMINED, ETC-^Cffntinued. 

(H).— List of Testimonials and Statement of Service on 

Shore and at Sea. 

CChe Testimonials to be nmnbered oonsecutiyely aocording^ to the number given in 

Column 35 below.) 

As a rule the Dischai^ Certificate (Form DLb. 1) will be aroepted as proof of Foreign Trade Serrioe^ 
but Home or Coasting Trade Discbarges should always be sent to the Begistrar-Oeneral 
of Seamen for ▼erifloation. 



I 

g 

IS 

6 



85 

1 



S 
U 
5 
6 
7 

8 



Where 
Employed or 
Ship's Name. 



96 



pprentieeship 
Mettrt 

Journeyman at 



(hit of Employ 



t. **Tyne,"( 



t» 
Out of Employ 



8.9, ** Wear," i 

t,». " Tay** ■[ 
At school prepar 



If Service on 
Board Ship. 



o 



o 
87 



ierv 



Port of 

R^istry and 

Official No. 

of Ship. 



88 



Me» 

of. 



me 

too 

>» 

me 

S80 
nhp. 

900 
ihpw 

ing 



edat\ 

::.f} 



ert. 



} 



nt 

Cardijf 
No. 106USU 
fi 

nt 

Cardiff 
No. 1$W71 

London 
No. 1U976 



forExamnnati on 



Service of Candidate. 



I 

6 



39 



Srd 
tng. 

It 



Srd 
Srd 



§ 



o « 

Sa 
a 

S 

40 



4.8-05 

12-8-09 

7-7-10 

12-9-10 

18-11-10 

5-1-11 

8-8-11 

1-8-12 

5-11-12 



e 



& 



41 



4-8-09 

7-7-10 

9-9-10 
16-11-10 
8-1-11 
7-2-11 
4-2-12 

8-10-12 

8-1-18 



Length of Service. 



I 
fi 



42 



Total Service at Sea, 
Ditto on Shore, .. 



Time served for which Official Proof now produced, . . 
Time served for which no Proof is produced 



1 
6 



I 

o 

o 

48 



2 
2 
1 
1 
11 



9 
8 



I 

44 



25 

2 
4 

16 
2 
1 



28 



27 
25 






45 



Bile 
3ea. 



t) 



Tra 



t* 



9 



27 



i 



46 



ding 



9 



o 
'S 



47 



Dated at North ShieJda this Bth day of January, 191S. 

ED WARD WILLIAM THOMPSON, Signature of Applicant. 

U7 Wesiex Street, NeuMsaetle-on-Tyne, Present Address. 

NOTS BT AxmiOR.—The above has been filled up aefor a Second Clou AppUeant, Chief t timpiy 
write at the top the $ea time they had in when paaeedfor Second, and then go on teUh aU 
the voyages and gape {if any) in proper order of dates. AU gaps of more than one month's 
duration must ?iave a testtmonuU to state where t?ie candidate was during such time. 
These must be given by some responsible person acquainted with the facts. 
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INDEX 



rAGB 

Absolute pressure of steam ... 30 
Absolute pressure of vapour in 

condenser 128 

Accumulator, steam hydraulic 228-231 

Accumulator, electric for igpition 244 
Adds in boiler, neutralised by soda 

Action of air vessels 

Advantage of large rose over a small 

one ... ... ... ... 149 

Advantage of independent feed 

pumps ... ... ... ... 204 

Air expansion cylinder cold air 

freezer 194 

Air valve for circulating pump ... 50 

Air pump, double acting 51 

Air pump trunk 51 

Air pump valves 53 

Air pump, Edward's 54 

Air pump, leaky foot valve ... 59 

Air pump pet oock ... 59 

Air pump bucket 68 

Air pump rods, material of ... 68 

Air pump, height of water in ... 69 

Air pump discharge valve no 

Air vessels, good and bad types ... 98 

Air vessels, where placed 98 

Air vessels, function of 158 

Air tight lid for mud box 99 

Air, more, for Welsh coal 135 

Air heating, forced draught ... 141 
AUojTS and elements, difierence 

between 4 

Ammeter 228-229 

Ammonia freezing system ... 1 8o- 1 84 

Ammonia, latent heat of 181 

Ammonia, defects with 181 

Ammonia machinery, isolation of ... 182 

Ammonia gas, removal from tubes 183 

Ammonia gas, objection to water ... 184 

Ammonia machine, materials used 184 
Ammonia machine, no escape valves 

used with 186 

Ammonia machine, no white metal 

allowable with 186 

Ammonia machine, maximum pres- 
sure with 186 

Ammonia machine, pressure and 

other gauges with 186 



pAoa 
Ammonia machine^ has for cold 

air with 191 

Ammonia machine, " Battery " 

system of cooling 191 

Amount of lead 118 

Amount water can be compressed 160 

Ampere, definition of 223 

Angle irons used in boilers ... i& 

Annealing of steel 7 

Application form, showing method 

of filling in 309-311 

Arc lamp, description of 222.- 

Area of safety valve required ... 25. 

Armature of dynamo 211 

Armature, use of 225, 

Ash ejector 201 

Asi>inairs governor 234 

Assistant cylinder ... «... ... 94 

Atmospheric pressure 115, 

Atmospheric pressure affecting gauge 

readings 127 

Automatic glass water gauge ... 16& 

Automatic feed regulator 172 

Automatic feed pumps 204 

Back pressure in condenser, finding 125 

Back pressure in cylinder 114 

Bad air in tanks, etc. 148 

Balance piston and cylinder ... 94 

Barometer, construction, etc. ... 125 

Bars, furnace 134 

Babcock & Wilcox water-tube 

boiler 165, 166, 167 

Babcock & Wilcox water-tube boiler, 

description of 166 

Babcock & Wilcox feed regulator ... 172 

Belleville boiler, economiser with 166 

Bilge injection ... 60 

Bilge pipes 62 

Bilge water in double bottomed vessel 149 

Bilge suctions to both wings of bilge 150 

Bilge boards, efiect of flood water upon 151 

Blast pipe ... ... ... ... 22 

Block, thrust 85 

Block, thrust, "Michel" .. ^ ... 86 

Blow through valve 64 

Blow off cocks and guards ... 22 
Board of Trade Regulations 253-308 



313 



314 



brown's slbmxntary questions and answers 



Boards, bilge, effect of flood wmter 

upon ... ... ... ... 151 

Boiler tnbes, fixing of 13 

Boiler salting 30 

Boiler, thin places in 12 

Boiler deterioration dae to rusting, 

acids, etc, 13 

.Boiler, fittings on 91 

Boiler, haystack type 108 

Boiler not receiving proper amount 

offeed ... ... ... ... 134 

Boiler, danger with internal pipes 160 

Boiler pressure higher than at engines 168 



166-167 

'II 



2 

5 
190 

190 

192 
210 



Boiler, water tube type 
Bolts, holding down of thrust 

Bourdon pressure gan^^e 

Brass, where used 

Brass liners on tail end shaft 

Breaking stress 

Brine system of freezing 

Brine, composition ot 

Brine grids in holds, modem 

arrangement of 

Brine, removal of, from evaporator 

Brushes, use of 212,225 

Bucket air pump 50 

Bunker, gas in 147 

Bunker, explosion in 147 

Bunker, badly ventilated ... ... 147 

Cam shaft of oil motor 239 

Candle power of glow lamps . . . 223 

Cap on safety valve 24 

Carbonic acid gas freezer 1 88 

Carbonic acid gas, how removed 

from tubes 188 

Carbonic acid ^as, objection to water i S8 
Carbonic acid machine, what 

materials can be used 189 

Carbonic acid machine, escape 

valves with 189 

Carbonic add machine maximum 

pressure 189 

Carbonic acid machine, why pres- 
sure must rise when sea water 

temperature rises 189 

Carbonic acid machine, kind of 

gauges used ..* 190 

Carbonic acid machine, brine used 

with 190 

Carbonic acid machine, fans for cold 

air with... > ... 191 

Carbonic acid machine, *' Battery *' 

system of cooling 191 

Carburettor of oil motor 239 

Case hardening 6 

Cast steel pistons 38 

Cast iron, where used i 

Cast iron floats in paddle wheel ... 77 

Catchwater 67 

Caulking 9 



227 

49.51 

130 

35 

83 
112 

48 

65 
107 

107 

108 

157 

23 
161 

206 

211 

161 

247 

103 

135 



Cause of leaky boiler tubes 
Cause of cracked tube plates 
Cause of local heating in electric 

wires or leads 

Centrifugal circulating pump 

Centigrade thermometer 

Check valve, defective : 

Check nuts on expansion joint 
Check valve, unadjustable 

Circulating pomp 

Circulating pump, failure of 
Circulation m onUnary boiler 
Circulation, how improved 
Circulation in haystack boiler 
Class of pomps fitted with escape 

» •*■ ■ es ... ... ... •«. 

Cleaning test cocks 

Cleaning water gauge pipes 

Cleaning filter 

Cleaning coils of evaporator 
Clothing water gauge pipes 
Clutch for oil motor installation ... 
Coal, consumption of, in lbs. per 

hour per I.H.P. 

Coal, consumption of, from area of 

kTaLC ••• ••« ••• ••• 

Coal, consumption of, from size of ship 137 
Coal, consumption of, from size of 
engines ... ... ... ... 

Cock on steam gauge 

Cocks and valves on skin of ship ... 

Cocks and valves to open before 

«uur lad^ ••• ••■ ••• ••• 

Cocks and valves through which feed 

passes, jet condenser 

Cocks and valves through which 

circulating water passes 
Cocks and ^ves through which 

feed passes, snrfiu:e condenser 

Cocks, test 23 

Cocks, test, danger with internal pipes 

Cohesive strength 

Cold holds, finding temperature of 

Cold holds, insulation Qf 

Cold air with C O9 or N Hs machines 
Cold air process of refrigeration ... 
Cold air process of refrigeration, 

material of valves 

Cold air process of refrigeration, 

number of compressors 
Cold air process of refrigeration, duty 

of expansion cylinder 

Cold air process of refrigeration, 

removal of water 

Cold air process of refrigeration, 

pressure with ... ..« 
Cold air process of refrigeration, 

kind of gauges 

Common paddle wheel 

Common style of paddle engines 



TABB 

14 
14 



Commutator, use of 



138 

29 
91 

92 

96 

96 

97 
160 

160 

5 
191 

196 

191 

193 
194 
194 
194 
195 
195 
195 

81 
212, 235 



INDEX 



315 



Commtftator» construction of 211, 212 
Comparison between forced and 

induced draught 
Compound eti^ne ... ... ... 

Composition of explosive gas 
Compression or cushioning 
Compressor piston rods, swabbing of 
Compressors with cold air freezer 
Condenser, hot ... 
Condenser surface, economy with 
Condenser surface, construction of 
Condenser surface, where foul and 

how cleaned ... ... 

Conduction of heat 

Consumption of fuel, lbs. per hour 

per 1. n. A . ... ••• .•• 
Consumption of coal from' area of 

^t&lC ••• ••• ••• ••• 

Consumption of oil fuel 

Consumption of coal from size of 

Sulu ••• ••• ••• ••• 

Consumption of coal from size of 
engmes ... ... ... ... 

Convection of heat ... 

Cover or lap of slide valve 

Corrosion on tail end shaft 

Coupling for shaft 

Cracked tube plates 

Cranes, hydraulic 

Crank shaft made of separate pieces, 
reason for ... ... ... 

Crank shaft made all of one size, 
reason for 

Crank webs, securing to shaft 

Cushioning, excessive 

Cushioning II7) 



Cut outs 

Cutting off steam, how done 

Cylinder drain cocks 

Cylinder escape valve, protecting^ 

6lC« ... ... ... ... 

Cylinder to which blow through 

valve is fitted 

Cylinder escape valve, water left by 
Cylinder, air expansion 

XJampers ... ... ... .•• 

Damage to engines by freezing 
Danger with internal pipes in boilers 

Danger of sparking 

Danger of short circuiting 

Danger of leading electric wires 

throi^h bunkers 

Deadweight safety valve 

Defective check valve 

Delivery and foot valves 

Density for working boilers, and 

how found ... ... ... 

Depth pump will draw from 
Detecting thin places in boilers ... 
Deterioration due to msting, etc. ... 



142 
40 

147 
122 

192 
194 

63 
103 
104 

105 
131 

103 

136 
137 

138 
132 
119 

87 
153 

14 
231 

155 

iSS 
156 

114 

122 

223 

"5 
38 

38 

64 

74 
194 

36 

133 
160 

220 

220 

228 

23 

35 
53 

30 

128 

12 
X3 
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Dial vacuum gauge ... 124 

Diesel engine, oil consumed with ... 103 
Difference between air pumps ... 5a 
i3ifference between salting and scal- 
ing of a boiler. 30 

Difference between cast and wrought 

iron and steel 3 

Difference between mean pressure 

and mean effective pressure ... 124 
Difference between horse power for 
rudder going ahead and going 

astern 233 

Different properties of iron and steel 4 
Diifficulty in keeping steam with a 

heavy list 150 

Difficulty with carbonised oil in oil 

motors ... ... ... ... 250 

Difficulty in starting oil motor ... 246 

Discharge valve, air pump ... 110 
Disconnecting paddle engine ... 8o-8i 
Distinguishing between iron and 

oLCwA ••• ••• ••• ••• \ 

Distinguishing between zinc, brass, 

and silver 3 

Distinguishing between alloys and 

elements ...' . ... ... 4 

Distribution boards 216 

Double beat valve ... 47 

Double acting air pump. 51 

Double bottoms, bad air in ... 148 

Double bottoms, bilge water in ... 149 

Draught,' funnel 21 

Draught, forced 141 

Draught, induced 142 

Drain cocks 38 

Drain cocks, use of with water gauge 161 

Driving air and water from condenser 65 

Dry uptake 16 

Dry steam, how obtained 17 

Duty of expansion cylinder cold air 

freezer ... ... ... ... 194 

Dynamo, description of 211 

Dynamo, what used for ... 211, 214 

D3mamo, styles of field windings 213-214 
Dynamo, difference between it and 

a motor 215 

Djniamo, armature of 211 

Dynamo, commutator for ... 211-212 

D3mamo, brushes for 212 

Dynamo, fixing in a cool place ... 227 

"Earth" on electric circuit ... 219 

Eccentric, loose 45 

Eccentric rod, travel of ... ... 46 

Eccentric rods on paddle wheels ... 78 
Eccentric, position of, for paddle 

wheel 79 

Eccentrics for oscillating valve- gear, 

position of 102 

Economiser, with water-tube boiler 166 

Economy of surface condenser ... 103 
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Edward's air pamp 54 

Effect of leak V foot valve 59 

Effect of saddeoly opening lafety 

▼a*vc ••• ■•• ••• ••• 3h 

Effect of leaky backet ... .»• 59 

Effect of omitting liner under 

eccentric foot 138 

Effect of flood water on bilge boards 151 

Effect of swabbing compressor rods 193 
Effect of redacing area of electric 

leads ••• ... ... ••• 227 

Effective heating sar&ces in boiler 133 
Electric wires passing through cold 

holds ... 197 

Electric*lighting on board ship ••• 215 
Electric wires through buikers, 

danger of 228 

Electric motor 215 

Electric leads, finding faalts apon 217-219 

Electric lamps 222 

Electric lamps, candle power of ... 223 
Electric wires led above side 

scuttles 228 

Electrical questions ... 211-228 

Electrical wiring plan for ship Plate XIII. 

Electrical terms 223 

Electrical measuring instruments ... 228 
Element and alloy, difference 

Detween •■• «•• ... 4 

Engine, compound 40 

Engines stopped, valves to shut 

and open ... .»• ... 66 

Engines, heating up before starting 66 

Engines, disconnecting 80-81 

Engines, damage to, by freezing ... 133 

Escape valves on cylinders ... 38 
Escape valves, class of pump 

requiring 157 

Escape valves on air vessels, or not 159 

Escape valves, best position for 160 
Evaporator, description of . . . 207-210 

Evaporator, fittings with 210 

Evaporator, removal of brine from 210 

Evaporator, cleaning coils of ... 211 

Examining oil motor 250 

Excessive cushioning, trouble with 1 14 

Excessive lead, trouble with ... 119 

Exhaust lap of slide valve 120 

Exhaust lead ... 121 

Exhaust, fixing time of 117 

Exhaust steam of freezers, where 

leQ ... ••• ••• ... 93 

Expansion by heat 7 

Expansion valve, separate 42 

Expansion joints and boxes ... 82 

Expansion cylinder, cold air freezer 194 

Explosive gas from bunkers ... 147 

Explosive mixture I47 

Explosion in tank ... ... 147 

Explosion of compressed charge in 

oil motor « 243 



run 

Fahrenheit thermometer ... •«. ijo 

Fastening stay ends ... ... 10 

Fastening condenser tubes ... ... 63 

Faalts with relief rings on slide 

valve ... ... ... ... 45 

Faalts finding of, in electric circaits 217 

Feathering float paddle wheel ... 7S 

Features of arc lamp ... ... 222 

Feed pump pet cock ... ... 63 

Feed pump fisiling ... 65 

Feed escape valve 109 

Feed escape valve, where placed ... no 

Feed regulator, automatic .. ... 172 

Feed water heater 197 

Feed water heater, fittings on ... 200 
Feed water heater, temperature 

with ... ... ... ... 200 

Feed pump, independent 203 

Feed pump, independent advantages 

Feed filter ... 2*5 

Feed filter, how cleaned ... ... 206 

Feed filter, what is removed there- 
from .. ... ... ... 206 

Ferrules, wood for condenser tubes 64 

Felting on steam jacket 92 

Field magnets, use of 225 

Field magnet windings ... 211-214 

Filter fe^, description of ... 205 
Filter feed, how cleaned and what 

removed ... ... ... 206 

Filter feed, how to tell when wants 

cleaning 206 

Filtering material, what made of ... 207 

Finding pitch of screw propeller ... 70 

Finding back pressure m condenser 125 

Finding temperature of cold holds 191 

Finding &alt in electric circuit ... 217 

Fitting d3mamo in a cool place ... 227 

Fittings on marine boiler 91 

Fittings on feed heater 200 

Fi^cing boiler tubes ... 13 

Fixing stern tube 89 

Fixing screw propeller on shaft ... 90 

Fixing time ot exnaust 117 

Flame at funnel top 21 

Flaming coal ... ... ... 135 

Flash point of petroleum and of 

Floats of paddle wheels 77 

Forced draught ... 141 

Forgings, steel where used ... 141 

Foot valve, leaky, effect of ... 59 
Fuel consumption per I.H.P. per 

hour ... ... ... ... 103 

Fuel consumption, oil 103 

Funnel draught 21 

Function of air vessels 158 

Furnace bars 134 

Fuses blowing unduly 220 

Fuses, description of 221 
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i^^ab pin and lever 

Galvanometer 

Oas in paraffin tank 

Gas in bonkers 

Gauge, water 

Gauge, pressure 

Gauge, steam, pressure shown by 

Gauge dial vacuum 

Gauge markings from atmospheric 
pressure ..« ••• ..• 

Geared engines 

Glass water gauge construction ... 
Glass water gauge, test cocks with 
Glass water gauge pipe connections 
Glass water gauge pipes, clothing of 
Glass water gauge pipes, cleaning of 
Glass water gauge» use of drain cock 
Glass water gauge, loop in steam 

^Jl ft#w ••• •«• ••• ••• 

Glass water gauge, water suddenly 

a ISIDk ••• ••• ••• ••• 

Glass water gauge, thorough testing 
vi ... ••• ••■ ••• 

Glow lamp, description of 
Governors ... ... ... ... 

Governors, features of 

Guard for blow off cock .,. 
Guide bar, pressure on which 
Gun metal, where used 

Haystack boiler loS- 

Heat, conduction of 

Heat, convection of 

Heat, radiation of 

Heat, expansion by 
Heating engines before starting ... 
Heating surfaces, efiective, in boiler 
Height of water in air pump 
Holding down bolts of^ thrust 
siacK ••• ••• ... ... 

Hooked bolts for paddle floats ... 
Horse power, meaning of ... 

Horse power, nominal 

Horse power, shaft 

Horse power, variation of thrust 

'n 1 m ... ... ... ••• 

Horse power, to operate rudder ... 

Hot well temperature 

How to tell it propeller is slack ... 
How to tell if. trunnions are fair ... 
How to tell if shafting is fair 
How air is lowered in temperature 

in cold air freezer 

How to clean feed filter 

How to tell when filter requires 

deanmg ... ... ••• 

Hydrokineter, Weir's 

Hydrokineter, principle of 

Hydraulic accumulator ... 228- 

Hydraulic system, difficulty with, 

in cold weather 



46 
2t8 

147 

147 

26 

28 

30 
124 

126 

Z02 

26 

23 
26 

161 

161 

161 

162 

163 

163 
222 

55 

234 
22 

140 

2 

•109 

131 
132 
132 

7 
66 

133 
69 

155 
76 

"3 
"3 
"3 

154 

233 
60 

140 

140 

140 

194 
206 

206 
107 
108 

231 
231 
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Ice, temperature of 131 

Independent circulating pump ... 49 

Independent feed pump 203 

Independent feed pump, advantages 

with ••• ... ... ... 204 

Indicated horse power 113 

Intensity coil for ignition, oil motors 

244-245 

Interceptor 67 

Insulation of cold chambers ... 196 
Instruments for measuring electricity 

228-229 

Iron, cast, where used i 

Iron^ wrought, where used ... i 



facket, steam 
et condensers 

Jet condensers less economical than 

suri&cc ••• ■•• ••• ••« 

Joints, expansion 



92 
60 



104 
82 



Kerr's anticipatory governor 
Kind of oil used in internal com- 
bustion engines 



Lamp, arc, description of , 

Lamp, glow, description of 
Lap of slide valve, steam 
Lap of slide valve, exhaust 

* < C3W il ... *«• .a. ... ... 

Leaky boiler tubes 

Leaky boiler tubes, stopper for ... 

Leaky foot valve 

Leaky bucket 

Left hand propeller 

Lock up safety valve 

Lignum vitae bearing for stem tube 

Link motion 

Lips on safety valves 

Loiading of feed escape valve 

Loose eccentric 

Loop in steam pipe of water gauge 
Limit of temperature in hot well 
Liner on tail end shaft 

Liner omitted, effect of 

Lubricator, steam 

Lunette evaporator 



55 

242 

222 

222 

119 

120 

118 

14 

35 

59 

59 

71 

o3 
89 
42 
26 
109 

45 
162 

60 

87 

138 

74 
209-210 



Magneto ignition for oil motors ... 245 

Manometer 145 

Material for pillars, struts, etc ... 4 

Material for air pump rods ... 68 
Material for paddle wheel rubbing 

surfaces 80 

Material for geared engine wheel 

teeth ... ... ... ... 102 

Maximum density for working 

boilers ... ... ... ... 30 

Maximum pressure in compressor 

NHs machine 186 
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Maximum pressure ia compressor 

COa machine 

Mazimnm pressure in compressor 

cold air machine 
Mean effective pressure, how found 
Meaning of horse power ... 
Measure of horse power ... 
Measuring intensity of draught 
Metals capable of foiging 

"Michel" thrust 

Mild steel, where used 
Minus lap of slide valve ... 
More continuous discharge from 

single acting pump 
Most effective heating surfaces 
Most efficient freezing agent 
Mud box and why necessary 
Muntz metal, where used ... 

Need fos greater strength in longi^ 

tudinal seams 

Need for. expansion joints ... 
Need for check nuts on expansion 

Newcastle and Welsh coal, com 

parison between 

Nickel steel, where used 

No feed escape valve, check valve 

▼vIlCll ••• ••• ••# 

Nominal horse power ... 
Non-conducting substances 



Object of air pump pet cock 
Object of feathering paddle floats 

Object of lead 

Object of steam lap 

Obiect of exhaust lap 

Object of reducing valve 

Objection to moisture in NHs 

Objection to moisture in COa 
ircezer ... ... ... •• 

Objection to moisture in cold air 

Vi/nm ••* ... ••• ■.. 
Oil cup ... ... 

Oil cup, worsted for 

Oil fuel consumption 

Oil consumed with Diesel engine 

Oil fuel, smoke with 

Oil fuel, consumption with 

Oil motor questions ... 237 

Oil motors, principal parts of 

Oil motors, cam shaft 

Oil motors, carburettor 

Oil motors, silencer 

Oil motors, piston ..*: 

Pil motors, valves and sparking plug 

toil motors, fuel used ^ith 

Oil motors, storage of fuel 

toil motors, numl^r of cylinders in 



PA09 
189 

195 
122 

"3 
13- 1 14 

145 
6 

86 

I 

121 

99 

133 
181 

99 
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^2 

83 

13s 
141 

112 

"3 
105 

59 
78 
118 
119 
120 
169 

184 

188 

195 
223 

84 
103 
103 
106 

136 
•250 

237 

239 

239 
240 

239 
239 
242 

242 
243 
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Oil motors, how explosion is effected 

all ••• »■•' ••• ••• ^^^ 

Oil motors, how started 246 

Oil motors, how speed is varied 246 

Oil motors, how reversed 246 

Oil motors, stei>s to take before 

examining with lights ... 250 
Oil motors, how frequently over- 
hauled 250 

Oil tubes for thrust blocks ... 85 

Omitting liner, effect of 138 

One boiler getting more feed than 

the other ... ... ... 134 

Opening up of oil motors, frequency 

wl ••• ••• ••• ••• ^jK^ 

Oscillating engine loi 

Oscillating engine valve gear . . . loi 
Oscillating engine valve gear, 

^ position of sheaves for ... 102 

Paddle wheel, common or radial ... 76 

Paddle wheel, cast iron floats ... 77 
Paddle wheel, floats of different 

- breadths ... 77 

Paddle wheel, feathering 78 

Paddle wheel, eccentric rods for ... 78 
Paddle wheel, hooked bolts for 

floats ... ... ... ... 76 

Paddle wheel, material, of rubbing 

surfaces... ... ... ... 80 

Paraffin tank, gas and explosion in . 147 

Parallel wiring 215 

Parallel series wiring 216 

Parsons turbine . . 1 74 

Parts of boiler injured by shortness 

of water 18 

Parts for which wrought iron is 

USwU ••• ••• ••• ■«•• X 

Parts for which cast iron is used ... i 

Parts for which steel is used ... i 
Parts for which gun metal or brass 

Is USCU ••«- ••• ••• ••« 2 

Parts for which white metal is used 2 

Parts for which muntz metal is used 2 

Parts of engine that are felted ... 93 

Pet cocks * ••• 59» 63 

Petrol, flash point of 242 

Petrol, calorific value 242 

Petrol, specific gravity of 242 

Petroleum, flash point of 242 

Petroleum, calorific value of ... 242 

Petroleum, specific mvity of ... 242 
Pieces through which effort of steam 

is conveyed 96 

Pitch of propeller 70 

Pipes in connection with engines 

and boilers 95 

Pipes through which circulating 

water passes 96 

Pipes through which feed passes, jet 

' ' condenser ... ••• ... 96 
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Pipes through which steam passes, 

surface condenser ... ... 97 

Pipe connections for water gaage ... 26 

Piston, construction of 37 

Piston air pamp 50 

Piston slide valve 116 

Piston slide valve, how kept tij^ht 117 

Piston for oil motor . ... 239, 243 

Piston, how many in oil motors ... 243 

Plates worked hot 7 

Plugs in steam piston 37 

Plunger air pump 50 

Position of eccentric for pkaddle wheel 79 

Position for working sluice valve ... 91 
Position of fault in electric circuit, 

finding ... 217-219 

Precautions with stop valve when 

raising steam 67 

Precautions in cold climates ... 134 
Precautions to take before removing 

boiler manhole 234 

Precautions in storing petrol and 

petroleum 242 

Preventing priming 18 

Preventing racing ... 69 

Preventing cylinder condensation .. . 92-93 

Preventing radiation 105 

Preventing smoke 106 

Pressure gauge, Bourdon 28 

Pressure of the atmosphere ... 115 

Pressure, mean effective, how found 122 
Pressure of air in Merchant Service 

boilers ... ... ... ... 145 

Pressure on thrust, variation in ... 154 
Pressure higher in boiler than in 

engines ... ... ... ... 168 

Pressure, maximum, with COa 

freezer 189 

Pressure, maximum, with NHs 

freezer ... ... ... ... 186 

Pressure, maximum, with cold air 

freezer ... ... ... ... 195 

Proof stress 6 

Propeller, pitch of 70 

Propeller, slip of 72 

Propeller, fixmg of 90 

Propeller, to tell if slack 140 

Properties, different, of irons and steel 4 

Pump, circulating ... ... ... 48 

Pump, air ... ... S^'S^ 

Pump, centrifugal 51 

Pump fitted with escape valve, class of 157 

Quadrant with oscillating engine 

valve gear 102 

Racing of en^nes 69 

Radiation, mmimising 93 

Radiation of heat 132 

Reason for. making crank shaft in 

pieces ... .** ... ... *5> 



PA«a 
Reasoi^ for making crank shaft all 

one size ... ... ... ••« 155 

Reason for fitting escape valve to 

pumps ... ... 157 

Reaum.er therpiometer 130 

Rectifier, use of 193 

Reducing friction of slide valves ... 44 

Reducing valve. 169 

Refrigerating machines where 

exhaust is led 195 

Refrigeration 180-197 

Refrigeration, cold air process of ... 193 
Refrigeration,. CO2 process ... 188 

Refrigeration, NHs process ... 180 

Reliei rings ... ... ... ,., 44 

Repairing cracked tube plate ... 14 
Resistance coils ... 225-226 

Resistance of circuit increasing ... 227 
Resistance to rudder coming back . . . 232 
Resistance felt by steersman ... 232 
Resistance depending on area of 

rudder, etc. 232 

Reversing with oil motor 246 

Reversing gear, description of 247-250 



Right band propeller 
Riveting, strongest ... 

Riveted stays 

Rose, large, advantage over small . . . 
Rubbing surfaces of paddle wheel ... 

Rudder, what -holds it 

Rudder, horse power to operate it ... 

Safe working stress 

Safety valve, deadweight 

Safety valve, rubbing surfaces 
Safety valve, spring loaded 

Salinometer 

Salinometer, what it records 

Salting of boiler 

odie ... ... .,, ,,, 

Screw propeller, pitch of ... 1... 

Scum cocks, etc., 31, 

Securing webs to shaft 

Self-acting valves 

Sending exhaust steam through filter 

Series wiring 

Series parallel wiring 

Separate expansion valve 

Shaft horse power 

Shaft to tell if fair 

Shaft coupling 

Shortness of water, dangers from ... 
Short circuiting, what it is 
Short circuiting, dangers with 
Should cocks, etc., be fitted to air 

VwOSICAd ••• ••• ••• ••• 

Silencer for oil motor 

Single wire, hull return system of 

wiring 

Single wire, hull return, fiiults with 
Sketches of air vessels 
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9 
12 

149 

80 

232 

233 

5 

23 

23 

25 

33 

34 

30 
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70 

160 

156 
72 

105 

215 
216 

42 

113 
140 

18 
220 
220 

15s 
24c 

217 
217 

158 
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Slide valve, reducing friction of ... 44 

Slide valve, lead of 118 

Slide valve, lap of 119 

Slide valve, exhaust lap of 120 

Slide valve, minus lap of 121 

Slip of propeller 72 

Sluice valves 91 

Smoke preventing 106 

Smoke, temperature of 131 

Soda in a boiler 73 

Space between furnace bars ... 134 

Sparking, dangers of, etc., ... 220 

Sparking, how caused 220 

Sparking plug for oil motor ... 239 
Specific gravity of petrol and 

petroleum 242 

Speed of piston 114 

Speed of^ ship, variation in thrust 

iviui .>. ••• ... ... 1 34 

Split tube, stopper for 35 

Split tube in condenser 104 

Spring loaded safety valves ... 25 

Square foot, unit for air pressure ... 146 

Star disc with paddle wheel ... 78-79 

Starting of oil motors ... ... 246 

Stay ends, securing of 10 

Stays, stress allowed upon 11 

Stays, riveted, description of ... 12 

Stay tubes 13 

Steam pressure gauge 28 

Steam piston, construction of ... 37 

Steam lubricator 74 

Steam trunnion for oscillating engine 83 

Steam jacket 92 

Steam, cutting off 115 

Steam, temperatures of 131 

Steam, difficulty of keeping with a 

heavy list 150 

Steam turbine, Parsons 174 

Steam turbine, path of steam through 1 74 

Steam turbine, propellers with ... 174 

Steam turbine bladmg 175 

Steam turbine dummies 176 

Steam turbine carbon packing ... 178 

Steam turbine geared 177 

Steam turbine, difference between it 

and reciprocator 178 

Steam turbine, power to go astern ... 1 79 

Steam turbine, consumption ¥dth ... 179 
Steam hydiaulic accumulator 228-231 

Steam steering gear ... 231 

Steel forgings, where used 141 

Steel nickel, where used 141 

Steel, where used in engines ... i 

Steel, where used I 

Steel, tempering 5 

Steering gear, steam 231 

Steering gear, steam, preventing 

rudder coming back 232 

Steering geai, steam, what resistance 

man feels 2^2 



Stem tube 

Stern tube lignum vitae bearing 

Stopper for tube 

Stores list 

Storing petrol and petroleum, pre- 

cautions in 

Stress, safe working 
Stress, proof ... 

Stress, oreaking 

Stress allowed upon stays ... 
Struts, pillars, material for . . . 
Surface condenser, economy with . . . 
Surface condenser, construction of 
Surface condenser, repairing split 

LuLJw ••• ••« •■• ••• 

Surface condenser, how cleaned and 

where foul 

Superheater ... 

Swabbing compressor rods, effect of 

Switches, use of 

Syphon pipe for pressure gauge 
System of electric lighting on board 

diliU ••• ••• ••• ••• 

Tail end shaft 

Tallow cup 

Tanks, ballast, bad air in ... 

Tempering steel 

Temperature of hot well ... 
Temperature of cold holds, finding 
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88-89 

8^ 
35 

242 

5 

5 

5 
II 

4 
103 
104 

104. 

105 

17 
192 

223 

28 

215 

87 

73 
148 

5 
60 

191 

200 



Temperature with feed heater 
Temperature at which to use salino- 

meter ... ... ... ... 33 

Temperatures noted by engineers " 48, 129 
Temperatures of ice, water and steam 131 

Test cocks 23,160 

Thermometer 129 

Thickness of furnace bars ... ... 1 34 

Thin places in boilers ... ... 12 

Thrust bearing or block ... ... 85 

Thrust where, applied to ship, screw 

steamer ... 102 

Thrust where applied to ship, paddles loj 

Thrust, variation in pressure of ... 154 
Tons of coal per day, from area of 

grate ... ... ... ... I35 

Tons of coal per day, firom size of 

V^oOCX ••• •■• •■• •«• 3' 

Tons of coal per day, from size of 

engines ... ... ... ... 138 

Top and bottom ends running hot ... I55 

Total pressure of steam y> 

Travel of the eccentric rod ... 46 

Triple expansion engine, what it is 4^ 

Trunk air pump 5' 

Trunk engine 99 

Trunnions to tell if £ELir I4^ 

Tube plates, cracked U 

Tube stoppers 35*3^ 

Tubes, boiler, fixing I3 

Tubes, "stav" '3 
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Turbine, fuel consumed with ... 103 

Turbine, blading 174 

Turbine, expansion of steam with ... 174 
Turbine, how many propellers and 

shafts ... ... ... ... 174 

Turbine "dummies" 176 

Turbine, thrust with 176 

Turbine, geared 176-178 

Turbine, difference between it and a 

reciprocator ... ... ... 178 

Turbine, power available to go 

astern with 179 

Turbine propellers, what made of 179 

Turbine consumption with 1 79 

Two- wire system of ship wiring ... 217 



U gauge for air pressure 
Uptakes, wet and dry 
Use of rectifier 
Use of dynamo 



145 
16 

193 
214 



Vacuum gauge 124 

Vacuum, what is meant by "so many 

inches ... ... ... 128 

Vacuum, what it is 129 

Vacuum in boiler, dangers with ... 234 

Valve, deadweight safety 24 

Valve, spring l<xided satety ... 25 

Valve check, defective 35 

Valve, separate expansion 42 

Valve, double beat 47 

Valve air, for circulating pump ... 50 

Valves for air pump 53 

Valve, foot, leaky 59 

Valve, blow through 64 

V cu ▼ V| pct ••• ••• ••• ••• ^3 

Valves to shut and open, engines 

stopped ... ... ..- 66 

Valves, self-acting 72 

Valve gear with paddle engines ... 81 

Valves, sluice, wnere placed .». 91 

Valves and cocks on stun of ship ... 91 
Valves and cocks to open before 

starting .. ... ... ... 92 

Valves and cocks through which feed 

passes, jet condenser 96 

Valves and cocks through which feed 

passes, surfisice condenser ... 97 
Valves and cocks through which 

circulating water passes ... 96 

Valves for oil motor 239 

Valve gear for oscillating engine ... loi 

S^alve reed escape 109 

Valve air pump discharge no 

Valve check, unadjustable ... 112 

Valve, reducing 169 

Variations in gauge readings ... 127 

Variations in mrust pressure ... 154 

Variations of speed m oil motor ... 246 

voiL .•• ... ... ... .*• 223 

Voltmeter 228 



Water gauge test cocks 
Water gauge construction . . . 
Water gauge pipe connections 
Water gauge pipes, clothing of 
Water gauge pipes, cleaning of 
Water gauge, use of drain cock 
Water gauge loop in steam pipe 
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23 
26 
26 
161 
i6t 
161 

_ . 162 

Water gauge, thorough testing of ... 163 

Water gau^e, water rising suddenly 163 

Water left m cylinder 74 

Water in hot well, temperature of . . . 131 
Water in one boiler more than 

another ... ... ... ... 134 

Water, effect on bilge boards of flood 151 

Water, amount it can be compressed 160 

Water- tube boiler, construction of . . . 1 66 
Water-tube boiler, Babcock & 

Wilcox 165-166-167 

Water-tube boiler, economiser with 166 

Water-tube boiler, gauge glass fitting 1 68 
Water-tube boiler, higher pressure 

steam with 168 

Water, objection to, in NHj freezer 184 

Water, objection to, in COa freezer 188 
Water, objection to, in cold air 

freezer ... ... ... ... 195 

* « cluL ••• ••* ••• ••• ••■ ££^ 

Webs to shaft, securing 156 

Weight of the atmosphere 115 

Weir*s feed heater 197 

Weir's feed pump 203 

Weir's evaporator 207 

Weir's hydrokineter 107 

Welding ... ... ... ... 6 

Welsh coal, more air with 135 

Wet uptake 16 

What a salinometer records ... 34 

What a triple compound engine is . . . 40 

What is used for air pump rods ... 68 
What would happen if no mud box 

ntteci ••• ... ... ... 99 

What is meant by circulation in a 

boiler ... ... ... ... 107 
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